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M DCC XXIx. 


The TRANSLATOR’ 


PREFACE. 


| 1 is {aid that Prefaces to Books, as well 
a] as their Title-Pages, are too often guil- 

ty of promifing much more than ever 
the Readers can difcover in them: But 
this fhall not be the Cafe here; for 
what I intend to advance in Favour of 
this Work, fhall be as fimple as its Ti- 
tle. I fhall only fay, That ic were to be wifhed, that the 
greateft part of Thofe, who have undertaken to inftruct 
the Public in the various Branches of the Praftscal Arts, 
had been indued with Knowledge or Induftry enough, to 
qualify them for the Management of their particular Pro- 
vinces with fuch Addrefs, and to fuch ufeful Purpofe, as 
oyr Author. This is all I need fay, concerning Him or 
his Work ; for it would be both vain and impertinent in 
me, to take up your Time with an Encomimm upon ei- 
ther; fince the Authority of Ca/imir Stmienowicz has been 
formerly, and is ftill, as it were Sacred amongft Pryrobolsfs 
and Fire-Workers; as is particularly evident from His hav- 
a ing 
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ing been long ago tranflated into the moft noted of the 
European Languages ; and from the joint Concurrence of 
the prefent Judicious in thefe Matters, by the common 
Suffrage of whom he is allowed to be the Father of Sound 
and Intelligent Pyrobolifis. 

My Defign therefore in this Preface is only to pive you 
a very: brief Account of this 7ran/lation ; to which I fhall — 
annex a few Lines relating to the Hiftory of Saltpeter, 
which I fhall borrow from very good Authority ; and which 
I promife myfelf will be both New and Acceptable to moft 
of Thofe, who apply Themfelves to the Study and Pra- 
ctice of the Military Pyrotechnics. 

This Tranflation then was undertaken and compleated 
purely by the Encouragement of Colonel ARMSTRONG, 
the prefent Surveyor-General of his MAJESTY’s Orduance, 
Who confidering with Himfelf, That tho’ our Language 
abounds in Learned Traéts on almoft all the Subjects thar 
are truly Ufeful, It is ftrangely defective in fuch as might 
tend to the Prefervation of our Liberties, and the Honour 
of our Arms, amongf{t our Neighbours; the moft Warlike 
Nations in the World! He concluded that by naturaliz- 
ing the moft celebrated Author in this Kind, a great Step 
would be taken towards recovering our Pyrobolifs and Fire- 
Workers, from the Lethargy they feem to have been 
wrapped in for many Years paft; and towards exciting 
Them to an Emulation of their Glorious Anceftors, 
who always endeavoured to be Foremoft in all Mar- 
tial Knowledge. And fince the Genius of our Nation is 
ftill equally inclined to War and to Peace, it is to be 
hoped, That our Mihtary Artifts will as readily improve 
upon this Stranger, as our Crvil Artifis have upon innw- 
merable Foreigners in their Way. 

But it may be asked by Thofe, who have heard that 
this ork was originally written in Latin, why it was not 
rather tranflated from that Language, than from the 
French? To give a fhort Anfwer to this Query, I mutt 
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tell you, that it could not be procured in Latim: And it 
will not appear ftrange that there fhould be fuch a Scarci- 
ty of it, in its Original Tongue; if it be confidered, That 
our Author was of Poland, where the Latim is in univerfal 
Ufe, and where the Profeflors of this 47¢ are very nume- 
rous, efpecially in its Recreatwe Branches, which are 
practifed by the Poles as a common Myftery, or Trade; 
fo that notwithftanding there may be feveral Thoufands of 
this Work extant in the Lats Tongue, they are particular- 
ly clofeted up by that Nation as an invaluable Treafure. 

If I could have procured one of the Original Copies, it 
would doubtlefs have faved me a great deal of Trouble; 
for the French Tranflation is now grown very obfcure and 
obfolete ;. and what contributes to make it almoft Unin- 
telligible in many Places, it is the moft Carelefsly-printed 
Book I ever faw, f{carce a Page of it being free from grofs 
Typographical Errors. 

Under thefe Difadvantages ¥ laboured throughout this 
whole Tranflation ; fo that if any Jvaceuracies have efcaped 
me, the Candid Reader would forgive them, as- foon as 
difcovered, if He would but confider how eafily I may 
have been mif-led into them, notwith{tanding all the Care 
I may have taken to guard myfelf againft them; and if 
at the fame Time He did but know what Pains ¥ have 
really been at, to purge my Criginal of a valt Number of 
Erroneous Blemifhes of al! Sorts, that the Whole might 
anfwer the Defign of this Undertaking. But I hope that 
all the Material Miftakes I have fallen into, will be cor- 
rected.in my Table of Errata. And here it may not be 
Unfeafonable to inform you, That the Confeétion and Pro- 
portions of the feveral Compofisons have been compared. 
by a Friend with the German Tranflation ; for without 
fome fach Help, it would have been next to Impofitble to 
have rectified what was amifs in that Important Article. 

In a word, you have here the compleat Body of my 
Original, in the cleareft and moft familiar Style 1 am Ma- 

fter 
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fter of, as much as poffible divefted of the tedious Circum- 
locution and Prolixity of the French, and expreffed in fuch 
Terms of Art and Science as feem to be moft in Ufe with 
the prefent Learned. 

I fhall now enter upon what I promifed you with refe- 
rence to Saltpeter; to the End, that you may be as well 
verfed in whatever relates to that wonderful Sa and Soul 
of Artillery, as it becomes a profefled Pyrobols to be: And 
I am the more encouraged to it; becaufe the Latin Quo- 
tations, which are interfperfed in the Treatife I fhall here 
abridge, muft render the Reading of it imperfe& and 
unpleafant to Thofe who are not tolerable Mafters of that 
Language. What follows then, is the Subftance of a Pa- 
per in Bifhop Sprat’s Hiftory of the ROYAL SOCIETY, 


intitled The Hsfiory of Saltpeter by Mr. Henthaw. 


He fays,. “ That whether the Mitre of the Ancients be 
of the fame Species with the Sa, which is commonly 
** known by the Name of Salpeter, is varioufly difputed 
“ by very learned Authors :. But by his Obfervations, and 
“* by the Practice of Saltpeter-Men, and Refiners of Saf-. 
“ peter, He fufpeés that the Confidence of thofe who 
‘© hold them to be different Salts, proceeds chiefly from 
“« their being unacquainted with the Phenomena or Ap- 
“* pearances of Sakpeter in the Making and Refining of 
“‘ it: And alfo to their comparing Double Refined Salt- 
‘* peter (of which Gun-powder is made) with that De- 
“* {cription of Mitre and Afronitre, in Chap. X. of Book 
“ XXXII. of Phiay’s Natural Hiftory, where he tells us, 
“ That Afronire was almoft of a Purple Colour; and that 
“* she Agyptian Nitre was brown, and gritty or flony ; ad- 
‘“* ding afterwards that there were Nararte from whence 
“< the Nitre came out of a yellow Colour. This, Mr. Hen- 
“ fbaw fays, is fuficient to have hinted to any one but 
<< moderately verfed in the Modern Way of ordering Sai- 
“* peter, that the Ancients were not at all skilled in Re- 
“ fining their Nare from the Earth and common Sak, 

“< that 
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that is ufually mingled with it; nor from thar foul yel- 
low Oil, which it feems did accompany their Nitre as 
it doth our Saltpeter in great abundance; for Play 
takes Notice of it when he mentions the removing of 
Nure (after it is grained) out of the Neraria, faying, 
Here alfo an Oil intervenes which ts good agamft the Scab 
or Mange in Animals. This greafy Oil (which the 
Workmen were ufed to call the Mother of Saltpeter) 
Mr. Henfhaw takes to be the crude and unripe Part of 
it; and fays, that it doth by Nature fo wonderfully 
adhere to every Part elfe of Peter (it may be, ordained 
for the Nutriment and Augmentation of it) that the 
Separation of it is the fole Caufe of the great Charge 
and Labour that is required in refining of Peter: For 
if this Separation is not effected, the Peter will be yel- 
low or brown, or of fome other dark Colour.” 

He then quotes a Paffage from Scaliger, which is alfo 


quoted by our Author (namely) For we have frequently 


obferved a kind of Lufire of a glimmering Purple i Salis- 


pretre Terris; or in Saltpetrous Earths; whereas Cafimir 
has it Salispetre Cirris, or in the Shrvers of Saltpeter ; but 
it is likely that they may both be in the right. He then 
fays, “ That if a Saltpetrous Lixiium be boiled up to 


<4 


a Confiftence without filtring it thro’ Afhes, or giving 
the Sait leave to Chryftalize, you may perhaps find 
fomething not unlike the Nzre of the Ancients.” 
He then quotes this Paffage from Phy, ‘‘ There ss @ 
litle Nitre found in fome fcorched Vales of Media, where i 
is called Halmiragha: And a lefs quantity of a coarfer Sort 
of it zs alfo found in Thrace im the Land about Philippi, 
where it is called Agrium. And then fays, that a Refiner of 
Saltpeter gave him an Account parallel to what Play 
afferts; by telling him, that near Sophia and Santa-Cruz, 
and in feveral other Places in Barbary, he faw Salipe- 
ter fhoot out of the Surface of the Ground, as thick 
and white as Hoar-Froft, on many barren and defart 
Lands ; 
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Lands; but that this does not happen till the begin- 
ning of the Rains in Augaft or September, and that it 
is the falling of the Rains which caufes the Salpeter 
to fhoot out in little Chryftals; and that the People 
of the Country take it up as clean as they can, and 
fell it to Merchants: And that, by the Relation of an 
India Merchant, it is much after the fame manner that 
the Inhabirants of Pegw in Eaff-India colle& it and fell 
it, faving that they refine it once before they deliver 
it to the Merchants. 

The next Remark he takes out of Pliny, is this: 


There are Nitrous Waters in many Places, but which 


cannot be condenfed or grained by the Heat of rhe Sun. 
The beft is found in Macedonia, which they call Chalaftri- 
cum, and ts very pure and white, and nearly leke Salt. 
There, is a Nitrous Lake, shat has a Spring or Fountain 
of frefo Water rifing up in the Middle of it: In this Lake 
they jind Nitre about the Time of the Dog-Days; when 
st begins to fwim on the Surface, and fo continues for nine 
Days; after which it ceafes for nine Days; which being 
expired, it floats again as before, and then ceafes as be. 
fore. If during thofe Days that the Nitre is generated 
there happen to fall any Showers of Rain, they caufe the 
Nitre to be falter than ordinary; but if any violent Winds 
arife they {pol it, becaufe they make the Water foul and 
muddy. There ssa much greater Quantity of it made in 
Egypt, but it is not fo good; for st is of a dark Colour, 
and gritty or fony, and made almoft after the fame Man- 
ner as common Salt; with only this Difference, that into 
Salt-Pits they pour Sea-Water, and into Nitrarix, Water 
of the River Nile. 

Upon this, Mr. Henfhaw fays, “ It will be no ciffi- 
culty to conjecture, how fuch great Plenty of Mire 
fhould be found in the Places above-mentioned, if we 
confider that Lakes are the Receptacles of Land-Floods, 
and that great Rains might eafily bring it to the Lake 
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in Macedoma from the higher Parts in the Country 
“ about it. And for the River Wee (he fays) there 
muft needs be Jefs Scruple concerning it, if we call to 
mind that once in a Year it {weeps with an impetuous 
Overflow the burnt and barren Defarts of Africa under 
the Torrid Zone; where, by the Relation of Travel- 
“ ers, thofe Sands are vifibly full of Mire; and thofe 
few Springs and Wells that are found there, are for that 
Reafon fo bitter, that the Moors and their Camels are 
“< forced to make a hard Shift with them in their long 
«¢ Journeys. 

“* He fays, he drew good Rock Peter out of thofe Sz- 
rié which are ufually found hanging in arched Cellars 
“and Vaults.” And here it may not be improper to re- 
mark that the Word Stzrsa fignifies an Icicle, or any thing 
like it; whereas’ Scaiger expreffes himfelf with reference 
to this Matter by the Word Stra, which in this Cafe pro- 
petly fignifies a Furrow as I have rendered it in the firft 
Chapter of the Second Book: But I fuppofe it is found both 
in Stzvze and in Strze. However this be, I fhall not 
wafte your Time with faying any Thing farther concern- 
ing it. 

But to fteer more direé&tly upon our prefent Subject, 
Saltpeter ; Mr. Henfhaw fays, “ It is likely that the Air 
“ is every where full of a Volatile Kind of Mire, and that 
Lime and Plafter do ftrongly attract it, but Dew and 
Rain convey much of it to the Earth; and that the 
Clouds feem to be fpread out before the Face of the 
Sun, either to imbibe fome Part of his Influence, or 
to have a Salt generated in them to advance the Ferti- 
licy of the Earth; and he thinks they return not with- 
out a Bleffing, in that he has more than once extracted 
Saltpeter out of Rain and Dew; but in the greater 
Plenty from the latter; and that even when it is ex- 
tracted from Dew, it is accompanied with a greafy pur- 
' ple Oil in great abundance ; and adds, that upon Tryal 
ce he 
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he found, that moft ftanding Waters, and even deep 
Wells, have fome fmall quantity of Sa/peter in them ; 
and affures us, that he alfo found fome in the Fallows 
and in the Earth which Moles caft up in the Spring. 
He then continues, That tho’ the Air and Water a- 
bound with it in fome degree, yet that it is not there 


to be had in any Proportion anfwerable to the Charge 


in getting it: And that tho’ the Earth muft neceffa- 
rily have great Quantities generated in or infufed into 
it, yet that in thefe Temperate Climates of Europe, it 
is no fooner dilated or diffolved by Rain-Water, or the 
Moifture of the Earth, bur it is immediately applied to 
the Produ&tion or Nutriment of fome Plant, Infeé&, 
Stone or Mineral, fo that the Artift will find as little 
of it in the Earth to ferve his Turn, as he could in 
the Air or in the Water. 

He fays therefore (in which he exa@ly concurs with 


our Author) ‘“ That the only Places where it is to be 


ce 


found in any Plenty in thefe Northern Countries, are 
Stables, Pigeon-Houfes, Cellars, Barns, Ware-Houfes, 
and generally {peaking in any Place which is covered 
from the Rain, which would diffolve it, and make ic 
vegetate, as alfo from the Sun which rarifies it, and 
caufes it to be exhaled into the Air. In fhort, he 
fays, that he was affured by an experienced Workman, 
that no Place yields Peter in fuch abundance as the 
Earth in Churches, were it not an Impiety to difturb 
the Afhes of our Anceftors in that Sacred Depofitory ; 
and in this he agrees perfeé&tly with what our Author 
fays-concerning the Defarts of Podelia, in Chap. Il. of 
Book M1. 
“ But even in this Cafe the Earth muft be of good 
Mold, and the better the Mold is, the more Peter is 
produced ; for in clayifh or fandy Earth, little or none 
is found: And the freer Ingrefs the Air has the bet- 
ter, fo that the Sun be excluded: But if the Earth be 
<4 in 
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in itfelf never fo good, if it be removed and laid upon 
a Brick or Boarded Floor, it will not be fo rich in Pe- 
ter, as if it had free Communication with the Exhala- 
tions of the lower Parts of the Earth. 
“ In any Place qualified as is. above premifed (he fays) 
you cannot mifs of good Store of Peter, if it has not 
been drawn out in fome Years before, which you will 
quickly find after you have digged the firft Spade-full 
of Earth, by laying a little of ic on the End of your 
Tongue, and if it taftes a little Bitter, you may affure 
yourfelf of good Store of Mineral (as they ufed former- 
‘ ly to call Salpeter ) --------- If the Ground be good, it 
continues Rich to fix or eight Foot deep, and fome- 
times but not often to Ten. 
“© After the Saltperer is extracted, if the Earth be laid 
Wet in the fame Place again, it will be twenty Years 
ere any confiderable Quantity grow there of it; but if 
the Earth be well dried, it will come in Twelve or 
Fourteen: And if the dried Earth be mixed with Store 
of Pigeon’s Dung, and mellow Horfe Dung, and then 
tempered with Urine (as was ufual before we were fup- 
plied with Peter from Jxdia) it will be fit to dig up in 
five or fix Years. If Water be caft upon Ground 
which is fit to dig for Peter, it will only fink the Mi- 
neral deeper into the Earth ; but he that fhall throw 
Soap-fuds on it will deftroy the Peter (as the Workmen 
have a Tradition ) and it very well deferves a farther 
Inquiry. 
He concludes, ‘‘ That the Generality of Authors are 
of Opinion that Saltpeter and the Way of drawing it 
out of the Earth, is a Modern Invention ; but whether 
it was originally owing to Chance, or to the Sagacity 
of fome great Wit, is as unknown as the Time it was 
difcovered. But (he fays ) it feems to have many Years 
preceded the Invention of Gun-powder, which by the 
Germans is afcribed to Conflantine Autluzer, or Berthold 
c “ Schwertz, 
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© Schwertz, a Monk of Fribargh; which in all Probabi- 
“ lity was not long difcovered when the Inventor (as Po- 
<< ydore Virgil tells us) taught the Ufe of Gass to the 
“© Venetians at the Battle of Foff@ Claudia, when they ob- 
“ tained that notable Viétory “over the Genoefe, Anno 
“ 1380. For there is mention made both of Sakperer 
“and Aqua Fortis in the Writings of Geber, a Spani/b 
“ Moor, and an Alchywifi; but at what time he lived is 
“ unknown; tho’ it is certain he lived fome Hundreds of 
“ Years before Rasmund Lully, who about the Year 
“ 1333 publithed fome of his Books, where he treats of 
““ Salipeter and Aqua Fortis. (In fine, Mr. Henfbaw fays, 
“ it is no ill Conje@ture of Maserus, That the forefaid 
“© Monk being a skilful Wchymiff, had a Defign to draw 
“a higher Spirit from Peter than the common Aqua For- 
“© ts, and that he might the better open the Body of 
“* Saltpeter, he ground it with Sulphur and Charcoal, by 
“‘ which Compofure he foon became the Inventor of Gun- 
“ powder.” 

Thus far Mr. Henfhaw concerning the Hiftory of Sak- 
peter ; and I hope that what I have here tranfcribed, will 
prove acceptable to the curious Pyroboli/t, efpecially if he 
never met with it before; and if he has, I doubt not but 
he will be of Opinion, that I have not done amifs in pre- 
fenting it to the Perufal of many, who perhaps might 
never otherwife have feen it; or at leaft I flatter myfelf 
every one will acknowledge, that this curious Piece could 
never have been as it were revived upon a more proper 
Occafion than the Prefent; fince it may ferve to clear up 
fome Things, and confirm others, which are to be found 
in the following Work ; which it will noe only do, but alfo 
compleat what Cafimir has attempted upon this Subject. 

As for Mr. Henfbaw’s Manner of Making and Refining 
of Salpeter, 1 thall only fay, that it is in the main the 
fame with what you will find in this Treatife with refe- 
rence to that Matter. 

Thus 
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Thus we fee that what is almoft univerfally held to be 
the very Bafis and Generation of Nutriment, has by the 
reftlefs and prying Curiofity of Mankind been perverted in- 
to the moft fatal Inftrument of Death and Deftruétion that 
has ever been difcovered. 

To conclude; you will obferve, in perufing this Work, 
That our Author propofed to publith a Second Part of it, 
to fupply what is wanting in this; but it feems, that either 
the Shortnefs of his Days, or the Multiplicity of his Bu- 
finefs would not permit him to effe& it: Wherefore I am to 
acquaint you, that what our Author has promifed only, will 
be amply fupplied by a GentLeman, in every Refpe& 
qualified for fo Great and Ufeful an Undertaking ; and that 
you may foon expect fuch a Continuation of this Subje@, 
as will (allowing for the many Improvements refulting 
from the Experience of the laft Wars) more than anfwer 
all the Views of our Author with reference to the Great 
4rt difcuffed in the following Sheets, 
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PART th FIRST. 


BOOK I 
Concerning the CALIBRE SCALE. 


NM HE firlt and principal Inftrument ufed in Pyrotech- 
eT ~~ nicks, or Artificial Fireworks, which we call the Ca- 
7 LEM “bre Scale, (according to the univerfal Term amongft 
Waa, all Pyrotechnicians, or Artificial Fireworkers, as well 
YY Spaniards and French as Italians) is called by the 

Cate, Germans, Maftaab or Vifer-faab; by the Flemmings, 
Talfeck; but much more properly by the Latins, 

Varge, or rather Regula Sphereometrica ; and which, in Derivation 
from them, we will call in Englifh the Sphereometric Rod or Scale. 
We muft conceive no other thing by the different Appellations above 
recused, than a certain Inftrument or kind of Ruler, which has a near 
Refemblance to a Parallelopiped Prifm, or rather to the Frufum of a 
fqmase Pyramid, which ought to be made of fome Metal, or hard 
Wood, that will not cafily bend; upon one of whofe Superficies is a 
right Line, divided into unequal parts in a Stereometrical or Cubical 
Proportion, and nicely adjufted to determine and examine the Weights 
ef all. Iron Bullets by their Diameters. This Scale or Ruler accord- 
ingly thews the Diameters of all Bullets made of the abovementioned 
B Metal, 
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Metal, from the Diameter of a Bullet of one Pound, or from that of 
a Loth or Half an Ounce, ad infinitum; that is, as far as the Length 
of the Line can admit of. In like manner upon the Second and Third 
Superficies of this Scale, you have the Diameters for Bullets of Lead, 
or Stone, €&ec. of different Graviries, by which you may determine the 
Weights of Bullets made of thofe Materials. The Fourth and laft Su- 
perficies of this Inftrument, fhews the Meafure of the Rhynland Foot, 
or (as fome will have it) the Old Roman Foot, which is divided in- 
to twelve Unci@ or Inches, and with this we may meafure not only 
all Pyrotechnick Bodies ; but likewife all Sorts of Superficies, Planes, 
and Lines. 

Having thus defcribed the Calibre Scale, it is but reafonable that 
we fhould proceed to fhew the different Methods by which it may be 
conftructed ; and alfo its particular Ufe in Artillery; of all which in 
the Order and Method following. 


CHAP IL | 
The Arithmetical Conftruttion of the Calibre Scale. 


T HERE are many and different Methods ufed by almoft all Arith- 
meticians and Geometricians, as well Theoretical as Practical, 
and even among the greateft Part of Mechanicks, in the Conftruction of 
the Stereometric or Cubical Line (from whence our Calibre Scale takes 
its Original) or whenever they would divide any Line into proportio- 
nal Parts according to the Cubical Ratio. In order to do this Arithme- 
tically, you need only double, treble, &c. the firft Cude as often as you 
think fit; and extraét the Roots after the Manner I fhall thew in the 
Sequel: But by the way I muft obferve that thofe who practife this 
Science, as well as the reft of the Mechanicks, have taken it into their 
Heads to avoid this Operation; becaufe of the Necefflity of extracting 
the Cube Root, which is a little irkfome and difficult, and content 
themfelves with dividing their Lines into a Cubical Proportion by the 
Affiftance of Tables, that have before been calculated by other Arith- 
meticians, which they freely make ufe of, in all their Operations. But 
fince it is of no fmall Importance to fuch as would be perfec in this 
Art, to have a Knowledge of this Method; we fhall here give fome 
very fuccinét Rules, relating to the Cube Roots, together with rhe 
Manner of making Stereometrical Tables; by means of which we thall 
eafily conftruG our Cahbre Scale. 


Of the Great Art of ARTILLERY. 3 


A Brief Method of extratting. the Cube Root comprebended 
under the followmg Rules. 


Arithmeticians term that a Cubical Number, which is made and 
produced by any Number multiplied into itfelf, and then the fame 
Number multiplied by the Produ€t. As for Example; if the Num- 
ber Ten be multiplied inco itfelf ic will produce a Hundred, which if it 
be multiplied again by Ten it will give a Thoufand, which laft Num- 
ber we call a Cube; and Ten, which was the original Number, we 
call the Cube Root; this being once well underftood, you will find 
it very eafy to extract the Cube Root of any Number whatfoever, if 
you attentively obferve the following Directions. _ 

Firft, you muft have in your Eye a Table of the Nine firft Cubes 
and their Roots, which may be eafily form’d by multiplying the Nine 
fimple Integers cubically, as demonftrated in the following Table: 


Roots. Cubes. 
f= 


ieee qt eta 
Metre gp toe ee 
t &€ ¢ a t F bf 6 
toerteraet t te 
( ¢@¢t ¢€ ¢ F £€ 8 ft 
e-teteeitobf 
t# pep ¢ t 0 t et 
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2. In order to extract the Cube Root of any Number, as fuppofe 
160|103|007 ; divide off every three Figures, of this Number, as you 
fee above, beginning from the Right-hand towards the Left; which 
done, look into the Table of Cubes, for the greateft Cube under 160, 
which you will find to be 125; therefore 5 being the Root of 1265, 
fet down ¢ in the Quotient, and fubftraét 125, its Cube from 160, and 
you will have a Remainder of 35, to which you muft bring down the 
next Cube, (viz.) 103. 

3. To find the next Figure of your Quotient, you muft form a Divi- 
for ; which is always done by trebling the Square of the Quotient ; as 
for Example ; 5 being multiplied by 5, makes 2°, which is the Square 
of 5, which Square being multiplied by 3, produces 7¢ ; and this laft 
Number is the Triple Square of the Quotient, which is to ferve for 
a Divifor: With this Divifor divide the Refolvend 35103, excepting 
(the two laft Figures, viz.) 03, and you will have 4 for the fecond Fi- 
gure of the Quotient. 

4. Then to find the Number which is to be fubftracted from the 
abovefaid Refolvend, you muft fet down in a Corner by itfelf, the Tri- 
ple Square (viz.) 75, with two Dots to the Right of it, inftead of 


Cyphers, 
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Cyphers, after this manner 75..; then multiply 5, the firft Figure 
of the Quotient, by 4, the laft Figure found, and you will have 20, 
which being multiplied by 3 will give 60, which Number muft be 
fet under 75 .. one Place farther towards the Left Hand (viz.) the Cy- 
pher in 60 under the firft Dot ; then {quare the aft Figure found (viz.) 
4, and it will give 16; which muft be fet under the two other Num- 
bers, fo that the laft Figure 6 may ftand under the laft Dot; which 
done, add thefe three Numbers together, and they will make 8116, 
which muft ‘be. multiplied by the laft Figure of the Quotient (viz.) 
4, and the Product wil be 32464, which being fubftracted from the 
Refolvend 35103, the Remainder will be 2639, to which you mutt 
bring down the next Cube, (viz.) 007, which teing annexed to the 
faid Remainder you will have 2639007 for a new Refolvend. 

5. You mutt proceed upon every Operation by finding a new Divifor ; 
(which is always the Triple of the Square of the Quotient) therefore 
f{quare 54, the Number now in the Quotient, and you will have 2916, 
which Sum being trebled will give 8748, which muft be your new 
Divifor ; and upon enquiring how often this new Divifor is contained 
in your new Refolvend (excepting always the two laft Figures) you will 
find it to be three Times; fet then 3 in the Quotient, and proceed to 
find a new Subftrahend, in the fame Manner as we have already di- 
rected, and which you muft repeat as often as a new Figure is to be fet 
in the Quotient: This will be found to be 2639007, which being fub- 
ftra€ted from the Refolvend, you will have no Remainder, as will ap- 
pear by the Work itfelf; the whole Procefs of which is as follows; 


160|103}007 (543 Root. 
125 


75) 35103 Refolvend. 
32464 Subftrahend. 


8748)2639,007 Second Refolvend, 
2639,007 Second Subftrahend. 


Slo span 
al hs 


0000 9000 


75,-- Triple Squared 
60. Quotient 
16 


DD 


8116 
4 


32464 at 
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54 54 
3 54 
162 3 216 

3 3 27° 
486 9 2916 
3 


8748.. Triple Squared 
486. Quotient. 
9 


879669 
3 


eee 


2639007 


Obferve here that the above Number being a perfect Cube its Root 
is exactly 543 ; but in cafe you fhould (as it often happens ) be obliged 
ro extraét the Cube Root from an Irrational or Surd, or 2 Number 
that is not a complete Cube, you may approach it as near as poflible by 
adding Ternaries of Cyphers to the faid Surd Number ; and when the 
Cube Root of it and the additional Cyphers is extracted, you will 
have the Roots and Decimal Parts near enough for any Bufinefs; as 
may be feen by the following Example: 


37|864|125],000(335,7 
27 3 33 335 335 
— 3 33 335 7 
10864. o_o —s — 
8937 9 99 1675 2345 
3 99 Y005 3 
1g27125 —— —— 1005 -——-= . 
1658375 27.. 1089 soertaeat 7035 
27 ° 3 I1I222 5 
268750,000 9 ere 3 
236165 293 mee 3267.. 
ne 2979 495. 336675.. 
32584 707 3 25 7035+ 
8937 331675 ene 
5 33737599 
1658375 
236165293 


Thus the Cube Root of the above Number is found to be 335,7, 
and a large Remainder: Now to prove the Work ;. cube the faid Cube 
Cc Root, 
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Root, and to the Cube of it add the Remainder, and if che Work is 
right, the Sum or Aggregate will be equal to the Sum from whence 
the Root was extracted ; as for Example: 


3357 
3357 


23499 
16785 
10071 
10071 
11269449 
3357 


78886143 
56347245 
33808347 
33808347 


ete? aa eer 


3783 1540293 Cube. 
32684707 Remainder. 


37864125000 Sum or Aggregate from which the 
Root was extracted, 


Now as it will often happen (as I have already faid) that you muft ex: 
tract the Cube Root from fome given Number that will not anfwer exact- | 
ly; Ihave (to prevent your throwing away time) thought proper to give 
you fome Rules, by means of which you may readily know all thofe Num-~ 
bers that will not anfwer exa€tly to a Cubical Extraction. 

1. All Numbers ending with two or more Cyphers, and which cannot 
be meafured by the Ternary Number, that is, that cannot be exattly di- 
vided by three, cannot have their Roots perfeétly Cubical, fuch as thefe, 
3400, 62800, 453000. 

2. All Numbers ending with 2, or 4, and whofe laft Figure but one 
‘Is even, cannot be exaétly Cubic, fuch as, 3522, 62864. 

3. Every Number ending with 4 or 8, and whofe laft Figure but one 
is not a Cypher or an even Number, cannot be punctually Cubic ; as for 
‘Example; 456174, 110038. 

4. Such Numbers as cannot be exactly divided by 9, are never perfect- 
ly Cubic; therefare the following Number 12000 is not fo; for it being 
divided by 9, you will have a Remainder of 3. | 

Let this little that we have now faid concerning the Extraétion of the 
Cube Root, and a Knowledge of the Cubic Numbers, fatisfy you for 
the prefent ;. the Ufe of it thall be evidently explain’d in the Sequel of our 
Pragtice, and fubfequent Operations. 

Now, 
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Now if you would make a Table of Cubes with their Roots: from U- 
nity, or the Diameter of one. Pound, ad infinitum ; you may firft affume 
any Number that you fhall think fit to ferve as a Root, which being mul- 
tiplied cubically by itfelf, will produce the firft cubical Number; and 
its Root, or the Number you fhall have affumed for its Cube Root, 
mutt be firft fet down in this Table. As for Example; if you take the 
Number 100 for a Root, and it be multiplied cubically into itfelf, your 
firft Cube will be 1,000,000, of which roo being the Root, it muft be 
fet down in your Table as the firft Root. 

If you would extraét the Cube Root from double this Cube; you muft 
double it, and you will have 2,000,000, from whence, if you extra the 
Cube Root, you will find it tobe 125, which will be the fecond. Root 
of your Table, and the fecond Number. If you would know the Root 
of this Cube when trebled, quadrupled, and fo on; firft, treble or quae 
druple it, or increafe it, ad Infinitum, and from thofe Numbers (as you 
go along) extract the Cube Roots, and place them in a regular Order in 
your Table ; joining in a Column upon one Side of them, the afcend- 
ing or increafing Numbers in a natural Order, from Unity as far as you 
pleafe. This is the Method I obferved in the Conftruction of the fol- 

lowing Tadle, the Affiftance of which, if you pleafe to accept, in form- 
ing the Calibre Scale, 1 muft tell you; that it is firft neceflary that you 
fhould have the Diameter of a Bullet of one Pound, made of the fame 
Metal with thofe Bullets which you would form your Cahére Scale to 
meafure. For Example ; if you would prepare an Inftrument or-Cali- 
bre Scalé, to calibre Iron Bullets; divide the Diameter of an Iron Bul- 
let of one Pound, actually taken from an Iron Bullet of that weight 
(I thall; in the Sequel, fhow how that isto be done) into as many equal 
Parts, as the firft Root of the Tad/e contains Unities ; as here, in our 
Table, the firft Root. contains 100 Unities; therefore divide the Dia- 
meter of an Iron Bullet of one Pound, into an hundred equal Parts, 
which you may readily perform by the Help of the Pagallelogram, or 
Diagonal Scale, Fig. t. Having then with a Pair of Compafles taken 
from that Scale all the Parts, according as they are expreffed in the Ta- 
ble of Cube Roots; tranfpofe the Diameters of your Bullets upan the 
Calibre Scale: As thus; if you take roo for the Diameter of an Irom 
Bullet of one Pound, you muft allow 125 of the fame Pares for the Dia- 
meter of a Bullet of two Pounds; that is, you muft add 2g Parts to the 
firft Diameter, Again, for the Diameter of a Bullet of three Pound, 
you muft take 144 Parts, or add 44 Parts to the firft Diameters; and in 
the fame manaer you may tran{fpofe the Diameters of all ather Bullets 
upon the Cakhbre Scale, This gradual Increafe af the Diameters and 
their refpective Circumferences in the Ratia of Solids, is very piain, 
and to. be eafily conceived by Fiz. 2, in which the firft. Circle denotes 
the Circumference of a Bullet, whofe Diameter is as the fisit Root, 
and its folid Contents as the firft Cube. | 
S The 
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The fecond Circle is the Circumference of a Bullet whofe Diameter 
is as the fecond Root, and its Solidity of double the firft Cube. In the 
fame manner you are to infer, with regard to the other Circumferences 
in the fame Fig. as to their Diameters and Solid Contents. 

Whatever we have here faid of Iron Bullets, may be faid of thofe alfo 
that are made of Lead, Stone, &c. which may be calibred by the very 
fame Rules; fo that you may, with equal Eafe, conftruct a Calibre Scale 
for that Purpofe. 

We have given you a Reprefentation of this Inftrument in Fig. 3. 
upon one of whofe Surfaces you will fee the Diameters of Iron Bul- 
lets accurately marked out, and upon the other the Diameters of Leaden 
Balls. 


A Table of Cubes and Cube Roots in a natural Order from 
Onsty upwards the firft Cube being fuppofed to con- 


tain 3,000,000 of Parts. 


Order 
Roots. | of the 
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CHAP, Il. 
The Geometrical Conftruttion of the Cakbre Scale. 


{t is abfolutely neceflary that you fhould have the Side of the firft 
Cube, or the Diameter of a Bullet of one Pound, made of the fame 
Metal, for the particular Ufe of which you would conftrud your Cali- 
bre Scale. For Example; in Fig. 4, let there be given the Line A, B, 
for the Diameter of an Iron Bullet of one Pound; then, in order to 
find the Side of double the Cube, that is, the Diameter of a Bullet of 
two Pounds, double the Line A, B, or extend it to twice its Length, 
which fuppofe to: be the Line A, D; then find out two mean Propor- 
tionals between the fingle Line A, B, and the double Line A, D, and 
there will be one of them found (viz.) the leaft of the two mean Pro- 
pottionals, which is D, E, which will be the Side of the double Cube, 
or the Diameter of an Iron Bullet of two Pounds; in this manner you 
mutt proceed to find out the Diameters of all other Bullets, that is, by 
increafing the Length of your Firft Diameter as far as is proper or re- 
quifite, and then finding out two mean Proportionals between the Line 
exprefling the Length of your firft Diameter, and the increafed Line, 

The moft experienced Geometricians, however, affure us, that ne- 
ver any one yet hath invented the true Method of finding out two mean 
Proportionals Geometrically, between two other given ones ; notwith- 
ftanding that many of them have greatly labour’d, and employ’d much 
of their Time in fearch of this Secret: The thing, indeed, is extreme- 
ly difficult, inafmuch as we can produce no Ratio (I mean, that is tru- 
ly Geometrical) to double, treble, &c. or encreafe a Cube, ad Infini- 
tum, by means of a common Scale and Compafs only, as is ufually 
done, when we would augment the Proportion of any kind of Planes; 
which, however, cannot poflibly be done, ’till you have previoufly 
found out two mean Proportionals by a nice Refearch. 

A vait many Geometricians, as well ancient as modern, have done 
their ucmoft to folve this very authentick Problem, which indeed is of 
the greateft Ufe in all mechanical Matters ; and have even endeavoured. 
to demonftrate it, as a Plane and Linear Figure (though there are thofe 
who place this in the Rank of Problems relating to Solids) by certain 
mixed Lines artfully drawn, and by fimple Lines immediately proceed- 
ing from a Plane, as are all Right Lines and Curves. Amongft which 
Nicomedes has endeavour’d to demonftrate it by a Conchile Line, Dio- 
clefian by a Coffoidea or Hederacea, Menechnus by Conic Seétions, and 
many others by the Parabola; but Eratofbenes, Sporus, and Plato, have 
aimed at it by Right Lines and Curves; and even Pappus, Hero, Apol- 
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Jonius, Pergaus, Philo Bifantius, Orontius, Villalpandus, Clavius, and 
many other Geometricians, have laboured to do it by feveral other Me- 
thods: But whatever they have faid or done upon this Head; I think 
it unbecoming of me to examine too fcrupuloufly into the Works of 
thofe illuftrious Men, to whom the Republick of Learning is fo greatly 
indebted ; and much lefs would it become me to pafs a Judgment upon 
them, or to determine too rafhly concerning their Thoughts upon. this 
Subje&. I thall only fay, that it is acknowledged and declared by the 
greateft Geometricians, that it is impoffible to increafe the Cube by 
Planes; and this I affirm from the very Confeffion of thofe who have 
fo clofely fought after it. But this is not fufficient for us to condemn 
their Inventions, reject their laborious Efforts, or look upon them as repug- 
nant to right Reafon and Truth: No; on the contrary we ought to con- 
tinue the Ufe of them, until a more happy Age fhall produce fuch as 
are preferable and more perfect. In fuch a variety of Practice as has 
been ufed to this End; I have pitched upon one Method only, which 
I here prefent for your Ufe in increafing the Cube, and to find out two 
mean Proportionals in a continued Order, and which, I believe, will 
be fufficient, in the right and proper treating of Pyrotechnical Mat- 
ters. 

Let there then be found two mean Proportionals in a continued Or- 
der, between the two above-mentioned Lines A, B, and A, D; let them 
be firft placed at right Angles to one another, and let the Parallelogram 
A, B, C, D, be conftituted upon them, and let A, B, and A, D, be con- 
tinued ad Infinitum; then the Diagonals B, D, and A, C, being drawn, 
let H be placed at the Interfection of them ; and apply a Ruler to the 
Point C, which will cut the Lines A, B, and A, D, continued ad Inf- 
mitum, in the Points E, and F, in fuch a manner that H, E, and H, F, 
may be found equal: This done you will have D, E, and B, F, for mean 
Proportionals continued between the given Lines A, B, and A, D; for 
they will be as C, D, that is, as A, B, is to D, E, and as B,C, that is, as 
A, D, to B, F. 

I purpofely omit the other Methods, the greateft Part of which you 
may find, as well in the Authors above quoted, as in Marius Bottinus’s 
Treafury of Mathematical Philofophy, lately publifhed at Bologna, where- 
in he endeavours, by all Means, to prove, that the ancient Geometrici- 
ans, as well as fome of the moft modern (whofe Names he mentions) 
have not only difcovered the true, plain, and perfect Method of finding 
out two mean Proportionals to any two given; but that they have alfo 
illuftrated it by Geometrical Demonftrations; fo that nothing can be 
further defired upon this Head. But let us attend to what he fays in 
this Tranflation of a Paflage in his Latin Treatife, (viz.) Therefore what 
we have formerly faid in Apiar. II, Prob. 1. in relation to the Conchoid of 
Nicomedes, 12 @ doubtful and cautious manner, we do now boldly afirm 
(in order to fhew that the beft Part of the Geometrical Philofophy, concern- 
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ing Solids, 3 truly eftablifhed ) that two mean Proportionals have been long 
ago Geometrically and Demonftratively found. For to fay nothing of the 
Inventions of the ref? of the Ancients, and orily mention one, of which there 
are Foot fteps fill remaining among ft us; the two mean Proportionals found 
by Nicomedes 4y help of the Conchile Line have that Geometrical Certain- 
ty, than which no greater can be defired, in the Geometrical Demonjftration 
of any Problem —— And a little lower —~ Upon which Account there re- 
mains no Reafon to doubt, but that the Geometrical Method of finding two 
mean Proportionals was invented long ago, as likewife that the Truth and 
Certainty of all Stercometrical Problems arifing from two Proportionals are 
Geometrically demonftrated. 

But we have found an eafy Contrivance by means of Inftruments, where- 
by to find not only two mean Proportionals to two others given, but in any 
Number of Proportionals required; and by that Invention we may be able 
at laft to reduce a given Solid to a Cube, contain’d within Equidifiant 
Lines, as alfo to change one Figure into another Equal to it or bigger, fill 
keeping its Likenefs ; wherefore it is not to be doubted but Altars and Edi- 
fices may be doubled by fuch an Inftrumeni, and alfo one may refer to the 
Cube the Meafures of Dry and Liquid Subftances, as of Bufbels, &c. The 
Contents of which Meafures are known by the Sides of the Veffels, and in a 
Word, the Knowledge of this Queftion is ufeful to thofe, who would make big- 
ger Sorts of fuch Machines as are ufed for throwing of Darts, Stones, or 
Iron Balls; for tn thofe Cafes, it is neceffary that all the parts of the Ma- 
chine foould be encreafed in a certain Proportion, as well as the Things to be 
thrown, and this cannot be done without the Invention of a mean Propor- 
tional, ; 


CHAP. IIL. 
The Mechanical Conftruttion of the Calibre Scale. 


OF fo great a Number of Pyrotechmcians, or Artificial Fireworkers 
that we fee in our Days, we fhall not find one (pardon me for the 
Expreffion).that does not defire the good Opinion of the World, and to 
be efteemed a good Practitioner: But at the fame time they choofe to 
be fuch in Appearance, rather than in Reality; and only outwardly af- 
fect to appear very knowirig in their Profeftion: Though by the way a 
thorough Knowledge in it is not to be acquired in peaceable Timies, in 
the Chimney Corner, amidft the foftening Effeminacies of the Body, 
Serenity of the Mind, or by ignoble Sloth; but on the contrary by the 
infupportable Fatigues of the Field, at the imminent Danger of Life, 
and the Sweat of the Brow. I have even known fome of them who 
{corning the plain and vulgar Denomination of Pyrotechnicians; but glo- 
rying 
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rying in the Title of Fire Engineers in the Military Capacity, which the 
Flemmings call Feld-Fewerwercker, have thought it beneath them ( they 
being deftitute of Theoretical Principles) to concern themfelves with any 
of the Theorems of Archimedes or Euclid, or any other famous Author, 
or even to produce any Demonftrations to prove and confirm the Rules 
of their Art. Hence comes this new Pfeudomechanical Science entire- 
ly unknown to the greateft part of paft Ages, and whofe chief and moft 
general Axiom is, Perturbare confuse & nilil ad rem omnia agere ; that 
is, to put every thing into the utmoft Confufion, and never do any 
thing as it fhould be. Confider now, whether the Burthen of this Self- 
fufficient Mother can be fuccefsful? Or whether the Fruit of fuch a 
Science muft not be ftrangely uncouth? Every Day you have irreparable 
Errours and Defeéts, as well in the Conftruétion of Warlike Machines, 
as in the Preparation and artful Management, or handling of them. The 
Fireworks on ferious and neceflary Occafions, as well as thofe exhibited 
upon Publick Rejoicings, are for the moft part prejudicial to the Prince, 
and evidently dangerous to the Lives of thofe who work in the Compo- 
fition of them, as well as to thofe of the Spedtators who behold them. 
How greatly are thofe to be pitied, who are ignorant in the Principles 
of true Mathematicks! Hear what * Paulus Guldenus faith, in an A- 
richmetical Problem, where he fpegks to this Effect in his Latin Trea- 
tife. Leaf therefore our Mathematicians fhouldb ecome unworthy of that 
Title; but that on the contrary, they may lift up their Heads out of the O- 
cean of Ignorance, and apply themfelves to the Study of the moft noble of 
thofe Sciences; we have in the beginning of our Lectures, looked upon the 
Mathematicks as 2 moft powerful Queen with her numerous Houfbold 
of fubject Sciences ; whofe Order, Subdivifions, Definitions, with their 
Differences and Diftinétions, we bave fully and clearly explained in our 
Lelures; and in order to imprint them the more firongly in the Memory, we 
have in a very agreeable pleafing Method collected them upon a {mall Sheet 
of Paper, not for the Ufe of our Times only, but as an acceptable Prefent to 
Pofterity lkewife. We have laid down Arithmetick end Euclid’s Geome- 
try as the Bafis or Foundation, of the Mathematical Superftructure ; with- 
out which it is impoffible for any one, though be were to live and fludy to the 
Mage of Neftor, to attain any true and folid Knowledge in that Science. 
From a Want of thofe firft Rudiments proceed that Obfcurity and Chimeri- 
cal Uncertainty, that Labyrinth of Errours, and that vaft Chaos of Igno- 
vance. Hence it is, that Men are fo far miftaken as to be ignorant of what 
they do know, and think they know what they are ignorant in. Hence fo 
many Mechanical Mathematicians, unskilful Surveyors, fo many Exbau- 
fers of Wine Casks, infead of Gaugers: Hence fo many Bankrupt Mer- 
chants, unfortunate Captains in War, falfe Architects, and Artificers, 
who rather promife to conftruct new Machines for great Purpofes, fuch as 
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raifing Water to great Heights, and for removing vaft Bodies, than perfee 
them. Hence fo many Engineers without Ingenusty, difappointed Searchers 
after the perpetual Motion, fo many unhappy Squarers of the Circle, and all 
the Blunders of Architetts. In fine, bence the Man that begins to build, 
and knows not how to finifh or compleat what be bas begun. But I would 
by no means have it thought, by what I have here faid, that I would ‘in 
the leaft depreciate the Military Practice, to which alone I more parti- 
cularly applied myfelf: I am only grieved to fee this illuftrious Science 
of Pyrotechnicks difhonoured even by thofe who profefs it; (I mean 
Practitioners without Foundation ;) who have defpoiled it of its ancient 
Glory, and ftripped it of all its moft beautiful Ornaments, beftowed on 
it by its firft Inventors ; and {till keep it feparated, and as it were, forci- 
bly torn from the Bofom of its lawful Mother the Mathematicks, as a 
Science alien to and independent of it ; and have crowded it in amongft 
the moft illiberal Arts, and the moft Mechanical Operations. 

In Truth, I could with, that entirely banifhing this new Mechanical 
Science ; I fay, I could wifh, that no one would by any means fuffer a 
Novice or Apprentice to take any Work in hand, till he is firft well 
grounded in the Principles of Arithmetick and Geometry; from whence 
we might expect, that this great Art would, in a little time, retrieve its 
Original Luftre; and confequently that the Invention of fo many ridicu- 
lous (I fhould choofe to fay, coftly and dangerous) Machines, which thofe 
Mafter Workmen have exhibited, would be juftly exploded, and we 
might at leifure tafte the delicious Fruits of this Science. 

But let us refumeé the thread of our Subje@, and fitice we have en- 
gaged ourfelves to give in this Chapter the Methods of Conftructing the 
Calibre Scale mechanically ; you muft firft knew, that there is nothing 
fo eafy as all thefe Inventions; but if you would at any time try, whe- 
ther or no they can bear the Teft of Geometrical Proportion, which is 
the true Touchftone of all fuch things, you will infallibly find chem in- 
cumbered with Falfities and Errours, and will perceive that it is entire- 
ly impoffible to demonftrate them according to the Rules of Art. We 
muft own however, that fome of them have been found to be right; 
but they have not yet been demonftrated Geometrically ; all the reft are 
falfe, or at leaft doubtful ; which we afe neverthelefs obliged to bear 
with patiently, becaufe they do not feem repugnant to common Senfe. 
For my part, I never commended or approved of thein, inafmuch as I 
never acknowledged them to be grounded upon the leaft Foundation of 
Geometrical Truth. Now this Art confifts in one Point, from whence 
if you deviate to the Right Hand, or Left; forwards, or backwards, 
whether you carry the Foot all round the Circumference or not, you 
will find your Operations defective, and yourfelf, far enough off from 
what you fought. Therefore I cannot advife any Body, to make ufe of 
this Method. However, that I may not conceal any Article from the 
Reader, who is deGrous of knowing every thing, I thall difplay the 
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Pragtice which thofe Artifts we have been {peaking of, value at fo high 2 
Rate: But I thall here dwell upon two Examples of it only, which feem 
to.me the moft Geometrically proportionate, and better “founded than 
the reft. 


EXAMPLE IL 


The Perpendicular, C, K, being drawn ad infinitum ; from the Point 
C towards K; in B let the Diameter of a Bullet of one Pound C, B, be 
placed; then from the Center A, defcribe the Circle B,D, E,C; and let 
the Diameter B, C, be divided into three equal Parts, C,1; I, H; and 
H, B; and let a third be fet off upon the Periphery of the Circle from 
B toF, and from F to E upon one Side of the Diameter, and on the o- 
ther Side from the fame Point Bto G, and from G to D. Now, if 
from C you draw through the Points D, and E, the right ‘Lines C, Li 
and C, M, ad infinitum, you will have your Figure adjufted; by which 
you muft increafe the firft Cube, or the firft Diameter of a Bullet after 
this manner. Having taken the Diameter C, B; from C fweep the Seg- 
ment of a Circle t. 2. then taking the diftance between the Points 1. 1: 
from the fame Point C defcribe the Arch or Segment 2. 2. and the di- 
ftance of the Points 2. 2. from the Point C upon all the three Lines, will 
be the Side of the double Cube, or the Diameter of a Bullet of 2 Pounds. 
Again, take the tranfverfal Diftance of the Points 2. and 1. which is 
marked with a prickt Line, and defcribe the Arch 3. 3. and the diftance 
between the Point C, and the Points 3 upon each of the three Lines will 
be the Diameter of a Bullet of three Pounds. In like manner take the 
diftance of the Points 2. 2. upon the Lines C, M, and C, L, and from C 
defcribe the Segment 4. 4. and the diftance between the Points marked 
with 4.and the Point C will be the Diameter of a Bullet of four Pounds. 
This Method you muft purfue in finding out the Diameters of other Bul- 
lets: that is, by adding always the leffer uneven Number, ‘to the greatet 
even one, and reciprocally the leffer even Number to the greater uneven 
one; or by taking the tranfverfal Lines drawn betwixt them; and alter- 
nately as you go along taking the Lines dire€tly extending from one and 
the fame Number, as may be feen in Fig. 5. where we have carried on 
the Progreffion to the Number 20; but as this is felf-evident, it would 
be Time ill {pent to fay any more of 3 it, 


EXAMPLE IL. 


Let the Diameter of a Bullet of one Pound be divided into 4 equal 
Parts, and let 4 be added to the firft’Diameter, and you will have the 
Diameter of a Bullet of 2 Pounds; then divide the Diameter of.a Bul- 
Jet of 2 Pounds into 7 equal Parts, and add.} to ‘the Diameter of a Bul- 
let of.2 Pounds, and you will have the Diamieter of a 3 Pounder. And 
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in this Manner and Proportion, you muft increafe the Number imme- 
dimely preceding, to find-the Diameters of all other Bullets: Thus you 
may continue it to what Number you pleafe. As for me, I have carried 
it on no further than the Number 10, to fave my Time and Labour; 
but I have continued it in another Method to 100, afcending decimally 
by 10 and 1oat a time, and always dividing by 4, as will be plainly 
fhewn by the following Table. As to the Numbers between each 10, 
you are to proceed with them in the fame manner as you did with the 
firft g Numbers. Moreover if you divide the Hundreds in the fame 
mnanri¢r, you will have the Hundredths in the fame Proportion as the 
Decimals and Unities. 


Diameters | Divided jParts added | Make the Diame- 


oO into to the ters of Bullets 

Bullets. Parts. Diameters.{ weighing Ib. 
x 4 3 2 
2 7 3 
3 10 iz 4 
4 13 is 5 
s 16 ts 6 
6 19 Ss 7 
Ye 22 3 3 
3 25 7 9 
9 28 ie 40 
10 4 * 20 
20 4 i 30 
39 4 $ 40 
40 4 $ 50 
50 4 ; 60 
60 4 z 79 
70 4 ® 80 
80 4 * go 
go 4 x 100 
100 4. 3 200 


We have call’d thefe two above given Examples Mechanical ; becaufe 
they are neither demonftrable nor artificial ; they may, however, in 
fome refpect be called Geometrical ; by reafon of the great Refemblance 
they have to Geometrical Problems, that are perfortn’d ‘with Inftru- 
ments; but neverthelefs, thefe are not purely Geometrical, theugh they 
inay, in fome fort, ‘be called Mathematical ; they may, at leaft, be 
ranked amongft thofe that-are worked by Scale.and Campafs only ; thofe 
two Inftruments being immediately founded upon the Pofulata; that 
is, upon the Right Line and the Circle ; the fame may be faid of all 
thofe Inftruments that are made by Scale and Compafs; but in the 
main they are merely Mechanical. 

APP EN- 
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APPENDIX. 
A certain eafy Method of Conftrutting the Cakbre Scale. 


IN Otwithftanding that the two Methods we have already given (not 
reckoning the Mechanical one) have nothing difficult attending 
them, it being by them plainly demonftrated, that the firft and funda- 
mental Origin of our Scale is drawn from Axioms, and the moft certain 
Truths of Arithmetick and Geometry ; yet as they are a little perplex- 
ed and difagreeable, becaufe of the Extraction of the Cube Root, and 
the Neceffity of finding out two mean Proportionals; I cannot prefent 
you with a more eafy Direction, than by recommending the Sector to 
you, provided it be faithfully adjufted ; for as upon that Inftrument you 
have the Stereometric Line, exaétly divided into Sides of Cubes, or 
rather the Diameters of Bullets, it is derived from Arithmetical Calcu- 
lation. Therefore having, with a Pair of common Compafies, taken 
the Diameter of a Bullet of one Pound, made of any Metal whatfoever, 
let it be apply’d tranfverfally upon the Cubical Line from 1. to 1. 
and thus, without removing the Inftrument from its Pofition, take in 
like manner the Diameters of all other Balls or Bullets, and tranfpofe 
them upon the Calibre Scale; by this means you will have your Scale 
conftruéted by once opening the Sector: (See Fig. 8.) But if you have 
not the Convenience of a Se€tor, you may, inftead of that, make Ufe 
of Fig. 7, with regard to which you may proceed after the following 
Manner. 

Let the Line A, B, be drawn ad Infinitum, upon which, from the 
Point A towatds B, fet off the Sides of all the Cubes taken from our 
Table of Cube Roots in Chap. I. which you may do by any Scale you 
pleafe, from Unity to what Number you think fit. Then take the Dia- 
meter of a Bullet of one Pound, made of the fame Metal with thofo 
Bullets you intend to meafure ; and fixing one Foot of the Compafs at 
the Point 1. defcribe an Arch or Segment of a Circle with the other, 
and let its Tangent A, C, be continued ad Infinitum. The Diftance be- 
tween the Divifions of the Line A, B, and the Tangent, will be the 
Diameters of Bullets ad Infinitum, increafing continually according to 
the Progreffion of Numbers, following one another in a natural Order, 
and fucceffively exceeding one another by one Pound Weight at a time. 


CHAP. 
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CHAP. IV. 


A Method to find and tranfpofe, or fet off the Diameters of 
Bullets upon the Calibre Scale, whofe Weights are le/s than 
one Pound, the Diameter of 4 Ballet of one Pound being 


Sirf given. 


S° PPOSE then that the Diameter of a Bullet of one Pound (as we 
have already obferv’d in a foregoing Chapter) be divided into 100 
Parts; let ic be cubed, and you will have 1,000,000, divide this by 32, 
(which is the Number of Loths, or half Ounces in a Pound) and you 
will have 312¢0 in the Quotierit, from which; if you extract the Cube 
Root, it will be found to be 31. Take off then with your Compaffes 
that Number of Parts from the Scale above-mentioned Fig. 1. and fet 
them upon your Calibre Scale from A to B, and you will have the Dia- 
meter of a Bullet ofone Loth, or half an Ounce. Now, in order to 
find the Diameters of Bullets, whofe Weight confifts of feveral Loths, 
or half Ounces, you need only double, treble, &c. the Cube of the Di- 
ameter 33, which was laft found, and then extract the Cube Roots of 
your increafed Numbers, in the fame manner as was done to find out 
the Diameters of Bullets weighing feveral Pounds. This is the Method 
I followed in the compofing of the following Table, from whence you 
may take the Diameters of half Ounces and tranfpofe them upon your 
Calibre Scale, by the help of the Diagonal Scale beforementioned. 
Furthermore, if you would have the Diameters of the Aliquot Parts of 
an half Ounce (viz.) the ! the 3 the 4 the 4, divide the Cube 31 by 2, 
4, 8, 16, and extraé&t the Cube Root from the Quotient of each Divi- 
fion, and you will have the Diameters of the Aliquot Parts of an 
half Ounce, as may be feen by the following Table. 


Order of the! 
Cubes 


ANOTHER METHOD. 


Take the Diameter of a Bullet of 2 Pounds, and divide the fame in- 
to 4 Parts, and ; will be the Diameter of.a Bullet of half an Ounce; take 
F again 
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again the Diameter of a Bullet of 4 Pound, and divide it into 4 Parts, 
and, will be the Diameter of a Bullet of an Ounce. Thus you may 
go on with encreafing your Diameters 2 Pound ata time, and dividing 
them into 4 equal Parts, and + will be the Diameters of Bullets, en- 
creafing half an Ounce each time in weight. 

Thus you may continue till you come to 64 Pound, for the §{ of 
the Diameter of a Bullet of that weight is exa@ly the Diameter of 
a Bullet of one Pound. 

If you would work this by the Compafs of Proportion or Sector, 
tranfpofe the Diameter of one Pound, taken with the common Compaifies, 
tran{verfly upon the Line of Cubes, (or, which is the fame thing, upon 
the Line of Solids) between 32 and 32, and without altering the Inftru- 
ment, add together all the cranfverfal Diftances between 1 and 1, 2 and 
2, 3 and 3, and {fo on to 31, and you will have the Diameters of Bul- 
lets of all the half Ounces contained in a Pound. If you do not make 
ufe of the Sector, the Fig. 7. I-gave you in the foregoing Chapter 
will ferve your Purpofe, provided that by means of any Scale of equal 
Parts you fet off upon the bottom Line 32 Stereometrical Spaces from 
A towards B, each diftinguifhed with Points and Numbers ; and if you 
goon ftill farther, you muft take care to carry on your Operation in 
the Method I have already laid down. 


CHAP. V. 


4 Method to find the Diameter of a Bullet of one Pound by 
the Diameter of another Bullet weighing feveral Pounds. 


ARITHMETICALLY. 


iG Ree Method we fhall take in this Operation will differ but little 
from-what we have faid ia the foregoing Chapter, except that 

the Diameter of the given Bullet may be divided into a certain Num~ 
ber of Parts, as for Example into 100, 200, 300, or elfe into 10, 20, 
30, &c. more or lefs, but you will work upon a more certain Founda- 
tion the larger the Number it is divided into. You need not here ftick 
to the Obfervance of the 100 Parts of the Diameter of one Pound, as 
we have already divided it, which you will perceive by what follows, 
Suppofe now for Example you have an Iron Bullet, or one made of 
any other Metal, of any Size and Weight whatever; and fuppofe you 
would by Means of this, know the Diameter of a Bullet of one Pound, 
made of the fame Metal with icfelf. In Fig. 8. let A, C, be the Dia- 
meter of an Iron Bullet A, B, C, D, (which you may take with two 
{mall gnomonical Inftrumencs, elevated upon any Plane, or with the 
I Calibre. 
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Calibre Compatfies, &e.) divide then the Diameter into a certain Num- 
ber of equal Parts; let us divide it in this Example into 100 equal Parts, 
as we have elfewhere done with regard to the Diameter of a Bullet of 
one Pound; this done, divide the Cube of 100 by the Weight of the 
Bullet : Set the Cafe that the Ball be a 24 Pownder ; you mut divide 
the Cube of 100 by 24, and extraG the Cube Root from the Quotient 
of your Divifion, and you will have the Number of Parts which contti- 
tute the Diameter of a Bullet of one Pound, asmay be feen by the fol- 
lowing Operation: 


1b Cube. 
24) 1,000,000 (41,666 (34 Root 3 3 
96 a eee 27 ° 4 3 
24. 12304 3 3 
160 2362 Remainder. 36 27. 
144 360 
16 
. 160 
144 3076 
4 
160 
444 12304 
i6. 


Obferve here that if from the Diameter of a given Bullet, you would 
know the Diameter of a 2 Pounder, you mutt divide the Cube of the 
Diametrical Parts by half the Weight of the given Bullet; again, if you 
would have the Diameter of a 3 Pound Ball, you muft divide by 3) of 
the Weight of the given Bullet; in fhort, if you would from chis like- 
wife have the Diameter of a 4 Pound Ball, you muft divide the Cube 
af the Number of Parts, into which the Diameter of the given Ball is 
divided by 4, of its Weight; which done, extract the Cube Roots from 
your Quotients, and you will have what you required. 


GEOMETRICALLY. 


Let the right Line A, B, Fig. 9. be drawn ad infinitum, and upon the 
Point A, let fall the perpendicular A, C, wpon which fet off the Dia- 
meter of the given Bullet from A toD; at che fame time ix is neceffary 
that you fhould know the Weight of the given Bullet, which if ic does 
not exceed 8 Pounds, divide the Diameter into two equal Parts, and 
then fubdivide the upper Seétion into 200 equal Parts: Bur if the Ball 
exceeds the Weight of 8 Pounds, you muft divide the Diameters - ali 
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Bullets beeween 8 and 27 into 3 equal Parts, obferving to fubdivide the 
uppermoft third, into 100 equal Parts as before. Again, if the Weight 
‘of the Bullet exceeds 27 Pounds, you muft divide the Diameters of all 
Bullets between the laft mentioned Number and 64 into 4 equal Parts; 
if it exceeds 64 into 5, if 12g into 6, and-if 216 into 7. And thus you 
muft do fucceffively whenever the Weight of a Bullet exceeds any cubi- 
cal Number ; that-is, you muft divide ics Diameter into as many equal 
Parts as the Root of the fubfequent Cube contains Unities, and always 
fubdivide the uppermoft Seétion into 100 fmaller Parts. This being 
fuppofed, let the. right Line F, G, be drawn parallel to the Bafe 
from I, that cuts off the lower Divifion of the Line A, D, and then look 
for the Cube Root inferted over-againgt the Weight of the Ball in the 
Stereometric Table, which having found, take the Diameter of it with 
a pair of Compaffes. It being very evident, that each of the Sections into 
which the whole Diameter is divided, contains 100 Parts equal to thofe 
into which the upper Seétion is fubdivided, inafmuch as they three are 
all equal within themfelves; it will follow, that you muft reckon from 
A towards.C as many Parts as the Number in the Table of Cube Roots 
over-againft the Weight of your Bullet contains Unities. Then fixing 
one of the Feet of your Compafies at the Point of the Number found, 
with che other defcribe an Arch of a Circle, interfecting the Bafe of the 
Figure ; and from the Point of Interfection draw a right Line to the Point 
of the Number found, which muft neceffarily cut the Line F, G, parallel 
to the Bafe; then take the diftance between the Points of one and the 
other Interfeétion; that is, from the Bafe to the other Line that is pa- 
rallel to it, and you will have what you required. 

In Fig. 9. Let A, D, be the Diameter of a Bullet of 10 Pounds: Now 
becaufe this exceeds the Weight of a Bullet of 8 Pounds, its Diameter is 
divided into 3 equal Parts, which are A, F, F, K, and K, D, and its 
upper Section is fubdivided into 100 equal Parts, From the Point F 
which interfeéts the lower Third of the Diameter, draw the Line F, G, 
parallel:to the Bafe A, B; ‘this done, look for the Number in the Table 
of Cube. Roots that is over-againt 10, the Weight of your Bullet, and you 
will find it to.be 216. ‘Suppofing now: that A, F, and-F, K, contain 
each 100 Parts; if you-reckon 215 Parts from A, towards C, you will 
find the Point L, from whence if an Arch of a Circle be defcribed whofe 
Semi- Diameter is equal to the Diameter of the given. Bullet, it will in- 
terfeét the Bafe A, B, in the Point H; and a right Line being produced 
from H, to L,-it. will in like manner interfect the Line F, G, in the 
Point I, and thus the diftance between the Paints H and I, is the Dia- 
meter. of an Iron Bullet of one Pound, which was required. -_ 

_ Obferve here that if the Weight of the given Bullet anfwers exaftly 
to.a Cubical Number, you muft in that Cafe divide its Diameter into as 
many firit and principal Parte, as the Root of it contains Unities; for 
ont of she Para of»: Diemeser chee divided will be the Diameter of a 
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Bullet of one Pound: But all this being extreamly eafy, it needs no fur- 
ther Illuftration. : 

This may be performed with much more readinefs with the Sector, by 
putting the Diameter of the given Bullet between the Points and Num- 
bers that exprefs the Weight of it upon the Stereometrical Line, and then 
upon the fame Line taking the diftance between the Points 1 and 1, 
which diftance will be the Diameter of a Bullet of one Pound. 

With the fame eafe and to the fame purpofe you may ufe the Fig. 7. 
defcribed in the third Chapter, if you rightly conceive how to put it in 
practice. 


CHAP. VI. 
A Method to find the Solidity of all forts of Bullets, whether 


in Cubical Inches, or any other known Meafure. 


WE fhall meet with no great difficulty in folving this Propofition, if 

we take Notice of the Demonftrations of Chriftopher Clavius in Li6. 
V. Folio 263. of his Practical Geometry, concerning the Cube and the 
Sphere, where he tells us that the Cube of the Diameter of a given Bul- 
let is to its Solidity as 21 to 11; for Example, let the Diameter of a Bul- 
let be 6 Uncie or Inches of the Rhynland Foot, the Cube of 6 is 216; 
if now by the Rule of Three you fay, as 21 is to 11 fo is 216 the Cube 
of the Diameter to the Solidity; you will-have 113, which is the Num- 
ber of Cubic Inches contained in the given Bullet. Obferve here, that 
if you extract the Cube Root of the Number denoting the Solidity of the 
Bullet, you will have the Side of a Cube that will be equal to the given 
Bullet in Weight and Solidity. 

Furthermore, if by a given Solidity of any Body, you would have 
the Diameter of a Globe or Ball equal to that Body in Weight and Soli- 
dity, you muft invert the foregoing Analogy, and let it be as 11 to 21; 
for in that Ratio will the Solidity given, be to the Cube of the Diameter 
of the Ball required. In the above Example you have a Solidity given of 
113 Cubic Inches, which if you apply thus to the Rule of Three, and 
fay; as 11 isto 21 fo is 113 the given Solidity to the Cube of the Dia- 
meter required, you will have 215, now the Cube Root of this Number 
(viz.) 5 ;2 will be the Diameter of a Bullet equal in Weight to the given 
Solidity. 

Again; you may know the Weight of any Bullet by its own Solidity 
given in Cubic Inches, without the Calibre Scale or any Mechanical In- 
vention whatfoever. You muft firft know (what I believe is very well 
known amongft Pyrotechnicians) that the Bullet whofe Diameter is 4 

G Uncie 
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Uncia os Inches of the Riynland Foot weighs 8 Pounds of Iron: This 
being granted, and the Solid Contents of any Bullet being given, you may 
folve it by the Rule of Three afeer this Manner (viz.) as the Cube of 
the Diameter of 4 Uncee or Inches is to the Weight of 8 Pounds, {0 is 
the Cube of any other Diameter determined by the fame kind of Mea~- 
fure to its own Weight. Which may be eafily conceived by the follow- 
ing Example: © | 


64: 8:3: 216 
8 


64) 1728 (27 Pounds of Iron. 
128 


448 
448 
N. B. 64 is the Cube of 4, 
and 216 the Cube of 6. 


A Methed to find by Numbers the Diameter of a Bullet of 
an unknoum Bignefi by the Diameter of a Bullet of one 
Pound made of the fame Metal. | 


TH E Solution of this depends entirely upon the Rules laid down in 

the firft Chapter,as we thall thow in the following Example. Sup- 
pofe now, you are asked how many Unie or Inches of the Rbynlund 
Foot conftitute the Diameter of an Iron Bullet weighing 1000 Pounds. 
In order to find. this, multiply the Cube of the Diamerer of a Ball of 
one Pound, by the Number of Pounds which the Bullet whofe Diame- 
ter you feck for weighs, then extra@ the Cube Root from the Product, 
and your Queftion will be anfwered. As here in our Example the Dia- 
meter of an Iron Ball of one Pound is 2 Uscie or Inches of the Rhyn- 
land Foot whole Cube is 8; now 1000, the Weight of the given Bullet, 
being multiplied by 8 it will produce 8000, of which 20 being the Cube 
Root, that Number is the Diameter of an Iron Bullet weighing 1000 
Pounds ; that is 20 Uncie or Inches of the Rhynland Foot; which was 
required. 


CHAP. 
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CHAP. VU. 


The Method to examine the Truth or Exane/i of the Calibre 
Scale, and of ss particular Ufe in Pyrotechnicks. 


ie often happens that we dare not rely upon Inftruments, that have 
-™ been wrought and adjufted by the Hands of a Workman, and feldom 
make ufe of them till they have been thoroughly examined by us, 
as to their Exaétnefs and Truth; for from a falfe or miftaken Conftru- 
tion of them, innumerable Errors and Abfurdities arife, as daily Ex- _ 
perience evinces. It will be then neceffary that our Cahbre Scale 
fhould undergo a ftric&t Examination, whether it has been made by your 
felf or an Inftrument-maker; you may then adjuft it after this man- 
ner. With a Pair of common Compafles take the Diameter of a Bullet 
of one Pound, which muft be repeated as often as the Length of the 
Scale will permit, and upon the Points already engraved.’ Now this 
firft Diameter will fhow all the Points that are diftinguifhed or deno- 
minated by Cubical Numbers; for Example, being once taken it will 
extend to 1, which is the firft Cube; the next time to 8, which is the 
fecond Cube; the third time to 27, which is the third Cube; the fourth 
time to 64, which is the fourth Cube; the fifth time to 125, and fo on 
with regard to the reft. After the fame manner, the length of. the Di- 
ameter of 2 Pound will point at the Number 8 twice repeated, vrz, 
to 16; and thrice taken, it will point at 27 twice repeated, that is to ¢4, 
and fo on of the other Diameters, as will appear by the Table at the 
end of this Chapter; in which the Numbers that are under A, are pri- 
mitive or original, by a Repetition of which are produced all thofe un- 
der B: Thus from the firft Diameter thefe Numbers arife (viz.) 8, 
27, 64, 125; and all the others that follow in that tranfverfal Order, 
or in that Line. From the firft Repetition of the fecond Diameter 
will arife 16, from the fecond 54, and fo on of the reft. Your Calibre 
Scale having ftood this Proof, you may fafely make ufe of it. Now 
though its Ufes are very various in Pyrotechnicks, yet its principal Bufi- 
nefs is to Calibre Cannon Bullets, and the Bores or Orifices of warlike 
Machines, fuch as are all Pieces of Ordnance, Mortars, Petards, &c, 
As for Example, let there be given a Cannon, whofe Bore is as in the 
Fig. 8. A, B, C, D, let the Diameter of its Circumference be A, B, 
which having taken with a Pair of Compafles, tranfpofe it to your 
Calibre Scale (having firft allowed for the Vent of the Ball, as we hall 
obferve hereafter) and one of the Feet will point out to fome Number 
on your Scale, expreffing the Weight of a Bullet of the fame Diameter. 
As in our Fig. the Diameter B, E, (without reckoning A, E, which is 
I the 
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the Vent. of the Ball) being applied to the Calibre Scale, prepared for 
calibring Iron Bullets, you will have the Number 2, which is the Dia- 
meter of a Bullet of 2. Pound, by which you will readily conclude, 
that the given Cannon carries a two Pound Ball. If you apply this 
fame Diameter to the other Superficies of the Sca/e, where the Diame- 
ters of Lead are marked out, you ‘will find fome Number denoting the 
Weight of the fame Bullet if it was made of Lead. 

Obferve here that if the Diameter of any Bullet being applied to the 
Calibre Scale; docs not anfwer exactly to an Integer or Pound; but ex- 
tends a little beyond it; you muft know that the faid Buller is heavier 
than a Pound; now in order to find how much it exceeds it, take no- 
tice of the following Method. Let a certain Diameter extend fomewhat 
beyond the Point 1 upon your Calibre Scale; then fee how many Parts 
your Diameter is. compofed of, and likewife how many of the fame 
Parts conftitute the Diameter of a Bullet of 1 Pound. Let us fet the 
Cafe here, that the Diameter of 1 Pound is divided into 100 equal 
Parts, and that the given Diameter contains 108 of the like Parts: 
From thence you: will naturally infer, that the Weight of a Bullet of 
that Diameter, exceeds the Weight of a Bullet of 1 Pound, in the fame 

as the Cube of 108 exceeds that of 100. Now to find out 
exadtly how much the one weighs more than the other, you mutt 
reafon after this manner by the Rule of Three: If 1,000,000 the Cube 
of 100 gives 32 half Ounces (ar a Pound) how many will 1,259,712 
(which is the Cube.of 108) give? This being performed after the com- 
mon. way, it will come-out about 40, which will be the Number of 
half Qunces that your Bullet weighs, and confequently. it will be ex- 
adtly 4 Ounces heavier than a Bullet of one Pound. 
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CHAP. IX. 


Of the Mutual Ratio of Metals and Minerals between them- 
felves, or how to find by the Weight and Magnitude of 
any Metallic Body the Weight and Magnitude of another. 
Moreover how to fet off the Diameters of Bullets made of 
feveral forts of Metals aud Minerals, &c. upon the Caii- 
bre Scale. 


GiNee in Pyrotechnicks not only Iron Bullets are ufed; but fuch alfo 
asare made of different Metals and Minerals, as Lead, Stone and the 
like ; and as in meeting with Bodies made of various Subftances, it fre- 
quently happens either through Neceffity, or elfe to fatisfy the Curiofity, 
that we would gladly know, by means of the given Weight or Magni- 
tude of any Body, the Ratio of the Weight or Magnitude of other Bo- 
dies made of different Metals, or Materials; I could not omit obliging 
thofe who have a Genius or Inclination to Pyrotechnicks, by pointing out 
the Way for them to come at this piece of Knowledge, and that, by 
fhewing them in this Chapter certain mutual Refios and Properties of 
Metals and Minerals between ore another; which I have here taken 
from the Works of the moft learned and experienced Authors. How- 
ever, I muft beg of the Reader, that when he meets with thefe mutual 
Proportions of Metals in other Authors that vary a little from ours; I 
fay, I muft beg of him not to take it amifs, that we have ftuck to the 
lareft and neweft Experiments; though we are far from aiming at a Di- 
minution of the Authority of others; eafily imagining that every one 
knows well enough (as Matthias Berneggerus fays in his Annotations up- 
on the Treatife of Galileus de Galileis) That pure Metals, that is, fuch as, 
free from the Commixture of any other fort of Metal, do not fo mutually a- 
gree, but that their Ratios are fubject to fome change, and that they weigh 
differently when of the fame Kind. Thus Gold is found to be heavier or 
lighter than Gold, and Lead than Lead, according as they differ in Magni- 
tude. Moreover, hammered Metal is heavier than that which is caff, its 
Parts being more clofely compatted by being hammered than by being melted. 
Therefore in vain do you feek after this Perfection. The different Specific 
Gravity of Stones ts much more confiderable than that of Metals. Some of 
them are very porous, and called Sand Stones; other forts of them are more 
folid, but thofe difagree greatly from one another in Weight. Moreover, 
the different ways of weighing certain grave or heavy Things, have a 
great Refemblance to Aftronomical Obfervations, which almoft always 
differ {ome Minutes or Seconds from one another. Now as it is neceffa- 
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ry that you fhould know, in what manner the Learned have eftablithed 
certain Rules, and furnifhed us with infallible Experiments, to deter- 
mine the different Specific Gravities of alt Metals, and to facilitate the 
greatelt Difficulties you might meet with in your Refearches after a Cer- 
tainty upon this Head, I thall fubjoin what Merjennus (one of the 
greateft Mathematicians our Age has produced) fays on this Subject in 
tis Book of Hydrauhcks, Prop. 47. el 

Firft then, I made Experineents upox Esquors by pouring them inte Phi- 
als, whieh are the beft the narrower ther Necks are, and round the Neck 
you tye a Thread, or draw a Line that you may exabtly fill the Bottle to the 

fame height with different Liquors, I need not bere mention, that you musft 
dry the Bottle well every time, for fear the leaft drop of the Liquer uféd in 
a former Experiment by adbering to the Bottle, either within or without, 

Soould binder you from exactly finding ont the Specific Gravity of the Lia 
quor you are trying, neither need mention bat bas otherwife been faid of 
Balances and Steel-yards, and of the Divifen of Weights ix which the great~ 
ef Exatine/s is required. 

But this Method is not convenient for weighing bard Bodies, fuck as are 
all Metals; except they be firft melted, and I accordingly took care to melt 
them ; but befides that all Metals do not fill the fame Mauld (as I foewed 
Prop. 8. Lib. IV. concerning Bells) and that fome contain more Air than 
others, and that fome are not to be melted without a good deal of dificulty, 

fuck as Copper and pure Brafi; Stones and Wood cannot be melted at all; 
I therefore examined Metals after they had been drawn into fine Wire (as 
may be feen_from the abeve-quoted Book of Harmony) which not giving me 
fuil Satisfattion, becanfe of the verious Size of the Wire, the ficft of it that 
pafes through the Mould being thicker than what comes through afterwards; 
and fince fome Metals cannot be drawn inte Wire no more than Weed or 
Stones, &e. JF thought it neceffary to think of fome other way. 

The third Method that I thought might have done was by getting Bodies 
made into Spheres, Cubes, and Parallelopipeds ; but Stones, Metals, Wines, 
&c. cannot be fhaped with a Plane or turned in a Leash; and therefore at 
laf I find the beft way to be, to weigh all folid Bodies with an exaét Balance 
in Air or W ater, or in each fuccefoely, to find the differences of their Weight. 
In Air the Liquors are to be examined and compared with Water, weighing 
them in the above-mentioned Bottle with e narrow Neck: But the reft of the 
Bodies being bard might like the Ls s be exattly weighed in Air, if they 
were equal in Bulk, or if the dé ference of their Baik was known ; but as 
their Figures are commonly different and irregular, nothing is more comve- 
nient or exatt than weighing them in Water; and by comparing a Bulk of 
Water equal to them, to their Gravity, we may fad out bow much one Body 
38 heavier than another, and if this be once reduced fo # « Table the whole La- 
bour will be faved. 

The fame Author fays, I remember Dunot ¢ Geometzician was nfed te 


reduce all Metals to the Paris half Pint (or the Rnghith Pint) and fuppofing 
I ‘that 
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that Meafure of Water to weigh one Pound, be fatd that the following Me- 
tals were in this Proportion; (for Example) fuch a Meafune of Iron would 
weigh 8 Pound, of Silver 10 | Pound, of Lead 11 : Pound, and Gold 
19 Paund, and that a Leaden Ball whofe Diameter was « Inch and 
8 Lines weighed 1 Pound, but when be propofed to fill a Pint with 
melted Metals to find the juft Weight of the reff, I diffuaded him from 
it; becaufe I found that Moulds and Veffels ave not equally filled by differ- 
ent Metals; and that fome Metals are more full of little Vacuities (or Wind 
Holes, as the Smelters call them) thax others. 

It is here then that Mer/ennus fhews us the mutual Proportions of 
Metals, which he has very accurately reduced to a ‘Fable, affuring us 
that Bodies of Metal of one and the fame Magnitude, obferve the 
following Ratio and Order, with refpeét to one another as to Weight; _ 
to which we have added the Proportions that Sulphur and Wood bear 
to the Metals, 


Gold ee ee ole) 
Mercury - - - - - = - = = 7H 
Lead -— = = = = = = = = « 60% 
Silver - - - - - - = - - = grt 
Copper- - - - - = = + = = 473 
Brafs mixed with Lapis Calaminaris. - 45 
Tron a A a ee ee 
Common Tinn - - - - - - - 49 
PureTinn - - - - - - ~ = = 38: 
Loadftone - - - - - - ~ = = 26 
Marble - - - - - - - = + - af 
Stone - - - - - - = = - - & 
Chryftal - - - = - - = = = #2$ 
Sulphur - - - - = = - - = 3 
Water - - - =~ - = - = = - s 
Wine - - - - - + - = = - 
Wax - - - - - = - = = = ¢ 


Oil - - - ---+-+-+-+-+- 4 
Lime-Tree Wood - - - - - = - 3 


The particular and principal Ufe of this ‘Fable will be to thew, by 
the known Magnitude and Weight of any Bodies made of any of thefe 
Materials, the unknown Magnitude and Weights of any other Bodies 
made of the fame; and likewife their mutual Ratio’s with regard to 
Magnitude and Weight. If for Example you would know the mutual 
Ratio of the different Specific Gravities of Iron and Lead; that is, in 
what degree Lead is naturally heavier than Iron; (fuppofing their Bulk 
to be equal} you muft look into the above Table, where you will fee 
that the Weight of Lead is to the Weight of Iron, as 60} is to 42. 

This 
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This being known you. will eafily folve this Problem, whicli is in truth 
a very excellent one, and perfe@tly necedary i in Pyrotechnichs, Fo illu- 
ftrate this, there is an Iron Cannon given whole Weight is 2000 Pound; 
now I demand how many Pounds of Brafs:would be requifite to make 
another Cannofi of the fame Size, in the fame Form, and with all the 
fame Ornaments and Embellifhments wich the given Cannon. . In order 
to folve this, you muft proceed in this manner, (viz.). Having from the 
above Table:taken the Numbers exprefling the Ratios of the two Me- 
tals; fay, as 42 (the number expreffing. the Weight of Iron) is to 45; 
(the: Number expreffing the Weight: of Brafs mixed with Lapis Caia- 
minaris) fo is:2000 Pound, the Weight of the given Iron Cannon, to 
the Weight of the Brafs one fought; this being performed, you will 
find, that the Weight of Brafs mixed with Lapis Calaminaris, requifite 
to make aCannon, like the given one, will be 2142 Pound and 27 wees 
or 13 4 Ounces, or thereabouts. = __ 

By inverting the Order of thefe Ratios, and by caoding the exact Di- 
menfions of any Body, you will eafily difcover the Magnitude of any 
other Body, whofe Magnitude i is meafured with the fame Parts, and is alfo 
of equal Weight with the given or known Body, and of the fame Form, 
though of different Bulk. For Example, let the Magnitude of an Iron 
Bullet of one Pound be known, whofe Diameter is divided into 100 
equal Parts; (as we have more*than once obferved;).by' which you 
would know the Diameter of a Leaden Bullet of the fame Weight. 
In order to de:this, look-for the Ratios of their Specific Gravities in 
the above Table, for as 60 $ is t0.42, fo will the Magnirude of an Iron 
Bullet be to the Magnitude of a-Leaden Bullet of the fame Weight. 

Now in order to know the Number of equal Parts which the Dia- 
meters of one and the other Bullet ought to contain, I have inferted an- 
other Table which I have carefully calculated, by the help of the Table 
of Cube Roots in the. firft Chapter of this Book ; and likewife by the 
Affiftance of the mutual Ratios of the Specific Gravities, as in the 
above Table ;:in doing which we obferved this Method. We multi- 
plied the Root. of the hundredth Cube, taken from the Stereometric 
Table, that is, 464, always by- 100, and divided the Produét 46400, by 
the Roots over-againft the Numbers: anfwering to the. Specific Gravities 
of Mecals with regard to Gold. For Example, to find the Number of 
Parts which: conftiete. the Diameter of a Leaden Bullet,we. divided 

ek” plicatio: | abovementined,, (vIz}:-46400; by 
the 6a Cube Roos (oe: ianur. mentioned Table of Roots) which 
3. about.492;3.now-the ‘Quotient -118, ‘js-the Diameter. of a. Bullet of 
Lead of equal Weight: with one made of Gold. : By this Method we: 
calculated .the following: Table, which if-you- pleat: to make: nfe of, 
let.us 20. lluftrate it's feppofe that’you wane to find the Diameter of 
9. Leaden Bullet of..1 Pound, and: that you. already have the: Diameter 
of 98 damn Bolles the fame Weight, divided into equal Parts, = 


Of the Great Art of ARTILLERY. 29 


we will here (as well as we have elfewhere) fuppofe to be 100. This 
done, range the proportional Numbers of the two Metals in this man- 
ner by the Rule of Three (viz.) As the proportional Number of Iron 
(which in the Table is 133) isto the proportional Number of Lead 
(which in the fame Table is 118) fa are the 100 equal Parts, of which 
the Diameter of the Iron Bullet is compofed, to the Parts of the Dia- 
meter of a Bullet of Lead of the fame Weight with the Iron one; 
which was required. 

Having worked this Analogy, you will have the Diameter of a Leaden 
Bullet confifting of 88%; Parts of the fame Bignefs or Nature as the 
100 Parts, into which the Diameter of an Iron Bullet is divided. Thus 
you are to proceed to find out the Diameters of Bullets, of the other 
Metals, but of equal Weight with one of Iron. In fhort, the Diameter 
of a Bullet made of any kind of Metal being known, you will have the © 
Diameters of all the reft, by taking their refpective Numbers from our 
Table of Proportions, and then working them by the Rule of Three. 
By what we have been faying, we fhall readily come at all the Diame- 
ters that are ufually found upon the Calibre Scale. Moreover we may 
not only have the Diameters of Globes or Bullets, but alfo all the Ho- 
mologous Sides of any Bodies, as well regular as irregular (provided. 
they are made of fuch Materials as are to be found in our Table) toge- 
ther with their mutual Ratios as to Magnitude, as may be conceived by 
the following Table. As for Example, let there be given a Cube of 
Wood, whofe Weight is 10 Pound, and let it be required of you to 
make a Cube of Copper of ‘the fame Weight with the given oné; to 
do ‘this, divide one Side of the given Cube into a certain number of 
equal Parts; (but it may not be improper to tell you; that the more 
Parts you divide it into, the more exact will your Work be;) let us here 
fuppofe the Side of the given Cube to be divided into 60 equal Parts; 
then take their proportional Numbers from the following Table, and 
range them as ufual in cafes of the Rule of Three (viz.) as 309, the 
proportional Number of Wood, is to 128, the proportional Num- 
ber of Copper, fo is 60, the Number of Parts into which the Cube of 
Wood is divided, to the number of the fame Parts requifite for the Side 
of a Cube of Copper, of the fame Weight with the Cube of Wood 
which was given; from which there will arife this Number 24 $$, which 
are the Number of Parts of the fame Bignefs, or Nature with thofe in- 
to which the Cube of Wood was divided, as are neceflary for the Side 
of a Copper Cube, of the fame Weight with the’ Wooden one. 

What has now been done with regard to the Side of a Cube, as are- 
gular Body, may be done with refpect to the Homologous Sides of an 
irregular Body ; and thus may you have the Magnitudes of eguipon- 
derant Bodies, made of different Metals, fuch as Brafs, Iron, &c. and 
all by the help of Models or Moulds, (to ufe the ternt in the Proplaftic 
Art) fuch as the Moulds of all the Pyrotechnical Bodies, which are for 
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the moft part irregular, as all Cannons, Mortars, Petards, and fuch like 
Machines; whether they be made of Wood, Wax, Lead, or any other 
Metal or Mineral whatfoever. ‘Io conclude, we may eafily come ata 
Knowledge of the Encreafe or Augmentation of any Body, by fuch 
means as we have been fpeaking of; and by the affiftance of the Table 
of Cube Roots given in the firft Chapter; always obferving thar the 
given and required Body be exatly of the fame Form. Concerning this 
Subject you may, if you pleafe, have recourfe to the 25th Problem in 
Galileo’s Treatife of the Secor; wherein he teaches how to. find out 
the fame thing by an Inftrument of his own Invention. 

Obferve here that we have not given the Proportion of mixed Me- 
tals to the others; it being very difficult to afcertain any Rules concern- 
ing it; becaufe the Founders, and fuch like Workmen, have very 
various Methods of allaying, or mixing Metal when they caft Cannon, 
of which we thal fpeak more fully in another Place. We have, however, 
obferved by Experience, that the Weight of a Metal mixed in fuch 
Proportion, as that in 100 Pound of Copper, there is-20 Pound of Brafs 
mixed with Lapis Calaminaris (which the Latins called Aurichalcum, the 
Germans Meffing, the Poles Mofads, and we Lattin) and 10 Pound of 
Tinn; (an Allay which is efteemed the ftrongeft, and is now in general 
ufe amongft the Exropean Nations) comes the neareft in Weight to the 
Specific Gravity of Brafs made with Lapis Calaminaris. 
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we will here (as well as we have elfewhere) fuppofe to be 100. This 
done, range the proportional Numbers of the two Metals in this man- 
ner by the Rule of Three (viz.) As the proportional Number of Iron 
(which in the Table is 133) isto the proportional Number of Lead 
(which in the fame Table is 118) fa are the 100 equal Parts, of which 
the Diameter of the Iron Bullet is compofed, to the Parts of the Dia- 
meter of a Bullet of Lead of the fame Weight with the Iron one; 
which was required. 

Having worked this Analogy, you will have the Diameter of a Leaden 
Bullet confifting of 88%; Parts of the fame Bignefs or Nature as the 
100 Parts, into which the Diameter of an Iron Bullet is divided. Thus 
you are to proceed to find out the Diameters of Bullets, of the other 
Metals, but of equal Weight with one of Iron. In fhort, the Diameter 
of a Bullet made of any kind of Metal being known, you will have the © 
Diameters of all the reft, by taking their refpective Numbers from our 
Table of Proportions, and then working them by the Rule of Three. 
By what we have been faying, we fhall readily come at all the Diame- 
ters that are ufually found upon the Calibre Scale. Moreover we may 
not only have the Diameters of Globes or Bullets, but alfo all the Ho- 
mologous Sides of any Bodies, as well regular as irregular (provided. 
they are made of fuch Materials as are to be found in our Table) toge- 
ther with their mutual Ratios as to Magnitude, as may be conceived by 
the following Table. As for Example, let there be given a Cube of 
Wood, whofe Weight is 10 Pound, and let it be required of you to 
make a Cube of Copper of ‘the fame Weight with the given oné; to 
do ‘this, divide one Side of the given Cube into a certain number of 
equal Parts; (but it may not be improper to tell you; that the more 
Parts you divide it into, the more exact will your Work be;) let us here 
fuppofe the Side of the given Cube to be divided into 60 equal Parts; 
then take their proportional Numbers from the following Table, and 
range them as ufual in cafes of the Rule of Three (viz.) as 309, the 
proportional Number of Wood, is to 128, the proportional Num- 
ber of Copper, fo is 60, the Number of Parts into which the Cube of 
Wood is divided, to the number of the fame Parts requifite for the Side 
of a Cube of Copper, of the fame Weight with the Cube of Wood 
which was given; from which there will arife this Number 24 $$, which 
are the Number of Parts of the fame Bignefs, or Nature with thofe in- 
to which the Cube of Wood was divided, as are neceflary for the Side 
of a Copper Cube, of the fame Weight with the’ Wooden one. 

What has now been done with regard to the Side of a Cube, as are- 
gular Body, may be done with refpect to the Homologous Sides of an 
irregular Body ; and thus may you have the Magnitudes of eguipon- 
derant Bodies, made of different Metals, fuch as Brafs, Iron, &c. and 
all by the help of Models or Moulds, (to ufe the ternt in the Proplaftic 
Art) fuch as the Moulds of all the Pyrotechnical Bodies, which are for 
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Moreover there are fome Weights that are ufed for weighing Gold, Pearl, 
Coral, and other Things of Value only; and others for Iron, Copper, 
Lattin, Lead, Tinn, Sulphut, Allum, Wax, Tallow, Hemp, Wool, 
freth or falt’ Meat, Butter, Cheele, and the like Goods of Bulk. Fur- 
thermore, there are particular Weights uled by Phyficians, : 
atid Surgeons, with which they weigh and adjuft the Medicines which 
they prepare for the humane Body. It is in. ce Cae ee ee 
‘propofe to entertain you with the Difference of all thefe Wegtts; be- 
‘ginning firft with thofe of the Ancients, thet proceeding to ours, and 
finithing with thofe of the moft Modern Daté, all which we fhall enu- 
merare and reduce to an Equality becween themfeives; which déne, we 
thall thow of what Ufe their Co-equations or Equalities are in Pyretec- 
mics. 

As to the Weights of the Ancients, and the particular Difference be- 

tweent them, the Writings of both Greek and Latin Authors will fully 
seis ue: We have here coflected fome of them, of which we thall 
{peak as we g0 along, In the firft place the Ancients generally divided 
their Weights into two Clafies, (viz) the Greater and the Smaller ; of 
the Greater there was ? 

The TALENT, which amongft the Hebrews was a kind of Weight 
(without any Mark: upon it,).of 3000 Shekels, as May plainly be feen 
in the xxxvi1ith Chapter of Exedus, wherein is mentioned. a Sum of 
160 Talents, and of 1775 Shekel, which was collected after 603,550 
Men had paid each half.a Shekel, Now the Hebrew Talent contained 
100 Hebrew Mina, and 120 of Attica, OF 1500. Ounces, 12000 Drams, 
or 125 Pounds, each Pound .v 312-Ounces, With the Talent 
they weighed Gold, Silver and Copper: See Villalpandus upon this Sob- 
je& in his third Volume, where he powerfully refutes thofe who differ 
from him in Opinion. But Authors difagree as to the Weight of the 
Shekel. Merfenxus, in his Treatife of-Acafures, Weights and Coins, .af- 
fures us, he found that a Shekel of Silver (which he would have to be 

“equal in Weight with one of Gold) weighed 268 Grains, and from thence 
concludes, that the Hebrew Talent of 3000 Shekels was a gat wo 87 
Pounds (of 16 Ountes:each) 3-Ounces, 6. Drams, and 2 Denar, orto 
804,000 Grains, From whence we {ce that.the Talent, as calculated by 
Villalpandus, exceeds that of Merfennus, by 6 Pounds (of 16 Ounces each) 
8 Ounces, 2 Drams, and.2 Denar. _ Some are of Opinion, that the He 
brews had two forts of the Shekel, (viz) the common one, or the Pro- 
phane Di-drachme, and the Tetra-drachme of the Sankt 
double the common one. Bur you may il you pleafe. read Villaipandus 
upon this head, -where he difputes. with great Energy againft Grepfus, 
and maintains that the Shekel was but of one. kind, whioh was. of equal 
Value wich the Athenian. Stater, and not of two, « . by 
ations of Propbane and Sacred. -The Drachm which was the 
Roch gor. Heke as.mentioned in St. Luke, Chap. Teck om 
equal 
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equal to a Roman Denarius; of which in St. Matth. Chap. xviii. ver. 22. 
or as the half, in St. Matthew, Chap. xvii. ver. 27. The Shekel wascom- 
pofed of 20 Odolz, which the Febrews called Gerad, and the Chaldeans, 
Maha; the Obolus according to the common Opinion of the Rabdins 
weiged 16 Grains of Barley; from whence (as they equal the Grains of 
an Ounce, which we fhall {peak of hereafter) we may make a Shekel or 
20 Oboli to contain 320 Grains, Thus 3000 Shekels will weigh 960,000 
Grains, or 104 Pounds (of 16 Ounces each) 2 Ounces, 6 Drams, and one 
Denarius. But if you would know any thing farther, relating to the 
Weight of the Hebrew Shekel, read Merfennus of Meafures, Weights and 
Coins, together with the Authors he quotes upon that Subject. 

By Authors we find it for a certainty that the Talent amongft the Ro- 
mans was of three forts. The Leaf of the three weighed 84. Pounds 
Roman. ‘The Mean one was 120 Pounds, as Vitruvius fays in the laft 
Chapter of Book Xs where he relates, that Heliopolis was fo firmly wal- 
led with Flints, and fo ftrongly fortified with Hides, that it could bear 
the Shock of a Stone of 360 Pounds Weight, thrown from the Bahifia; 
now this was the Weight of three Talents, each of which was 120 
Pounds. You will find the Third and Greatef Talent, in Suidas and 
Hefychius, who both affert it to have been 125 Pounds, which is a Weight 
equal to an Hebrew Talent. 

The. Grecian or Attic Talent was 6000 Drams, or 60 Attic Mina, 
as Suidas relates from Feftus. According to Villalpandus it was equal to 
half of the Hebrew Talent; but according to Suidas and Hefychius, the 
half of the Roman Talent; that is 62! Pounds Roman Weight. The 
Value of the Attic Talent in Money was 600 Crowns; which may give 
us an Idea of the famous and memorable Liberality of Alexander the 
Great towards Men of Learning, when he prefented his Matter Ariftotle 
with 800 Talents, as a Gratification for the Trouble he had been at, in 
defcribing to him the Nature of all Animals; which amounted (as fome 
will have it) to 480,000 Crowns: And likewife when he fent Ambafla- 
dors to the Philofopher Xenocrates, with a Prefent of 50 Talents, which 
anfwered to 30,000 Crowns. Befides the Talents I- have already men- 
tioned there were feveral others; as 

The Thracian Talent, which weighed 120 Pounds. The Zgyptian, 
which was 80 Pounds. The Alexandrian, which was half of the Aftic 
Talent (viz.) 31 Pounds, 3 Ounces, The Syrian, of 1500 Drams, or 15 
Pounds, 7 Ounces, and 4 Drams; and that of 4igina, which weighed no 
more than 10 Drams, 

As to the Lefer Weights of the Ancients, you will find amongft the 
Hebrews 

The MINA or MANEGH, which was 30 Shekels or 120 Drams. 


The Grecian Mina ot Mna (uve) was of two forts (viz.) the Lefer of 
75 Dram, 
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And the Greater (which was bigger than the new one of Selon) 100 
Drams. The Dram was divided into 6 Odok; the Obolus into 2 Semi- 
eboli; the Semi-obolus into 3 Chaki; the Chalcus into 5 Leptes. But for 
weighing of Drugs and. Medicines, the Phyficians and Surgeons. divided 
the Mina into 16 Ounces; the Ounce into 8 Drams; the Dram into 3 
Scruples; the Scraple into 2 Obekt ; the Obolus into. 2 Semi-obelt; the Semi- 
obelus into 2 § Sifigua, and the Siiqua into 4 Grains or Moments. | 

The Mina of Alexandria was'20 Ounces; and in thort to conclude with 
the Mina, the Ptolemaic was8 Ounces only. 

The POUND was what the Remaxs properly called a Weight, or ts, 
or Affis; this Weight was the Leaft of the Greater Sort or Clafs, and the 
Biggef of the Lefer. Xt was commonly 12 Ounces, and this Roman 
Pound was 4. Drams lighter than che Atti Mina. .The Pound was ori- 
ginally divided inte 12 Oxnces only ; then the Sextans was 2 Ounces ; the 
Qyadrans 3Ounces; the Triens 4. Ounces; the Qyincunx 5 Ounces ; the Se~ 
mis 6 Ounces (which. was alfo called: balf « Pound;) the Septunx was 7 
Ounces; the Befis 8 ; the Dodrans 9; the Dextans 10; and the Deunx 
31 Ounces. The Pound-was again divided into other {maller Weights ; 
as, 24 balf Ounces; 36 Duelle; 48 Sicilicas, 72 Sextule; into 8g De- 
narii, 168 Vittoriati,: and 288 Scriptula. 

Befides all this, the Pound was a kind of Meafure amongtt the Ro- 
mans, which was divided into 12 Parts, which they. called Uncise or In- 
ebes; this they called the Menferal or Meafuring Pound, to diftinguith it. 
from the Ponderal ox Weighing Pound. Now this Menfural: Pound, (ac- 
cording to Galen in his Vth Book of the Compoftion of Medicaments) was 
a kind of Veflel made of Horn, with which the Romans ufed to meafare 
Oil ; and was divided by certain Lines drawn cither withinfide or with- 
out into 12 Parts, which were called Uncie.. Galen farther informs us 
in the Vith Book of the fame Treatife, that the whole Menfural Pound 
was equal to but 10 Ounces of the Hemera) heaes, ene comedy a 
2 Ounces ii 

We: have now {poken fifficiently of the ancient Weights let us pro- 
ceed to exemine. the various Weights in prefent Ufe: atnongft which, 
whether they be of the Greater or Lefer fort, we fhall find a wide diffe- 
rence. -But as we have no Terms to exprefs them by in our Language, 
no more than we had for thofe of the Ancients which are equally fo- 
reign to us; we fhall call them by the Names they bear in the Coun- 
tries. where they are ufed, and perticularly by fuch’'Terms as are the moft 
common among Merchants: And this we thall do with all poflible Brevity, 

_DOLIUM (which alfo is the Name of 2 Vefiel anfwering to a Yann) 
is a Weight much ufed in Poland (where it is commonly called Beexka) 
and is.50 Stones, or 1600 Pounds: Tfuppofe them here’ to be Stones of 
Warfaw, which weigh 32 Poundseach, > 

The MIGLIER, which we call the Milker, isa Venetian Weight of 
40 Miriads (called in that Country Miri) each weighing 25 Pounds; 
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thus the whole M:lier will weigh 1000 Pounds, allowing 12 Ounces to 
each Pound. 

The BACCAR in the Kingdom of Cakeut, is a certain Weight, 
that at Lisbon anfwers to 5 great Quintals, and weighs in all 640 Pounds. 

CALLA, isan Akxandrian Weight of 960 Pounds. 

CARGO, or CARICO, Cargoe, or Lading, is a Weight common- 
ly ufed in France, Spain, Italy, and Portugal; this is properly the Load, 
or Burthen of an Horfe, Afs, or Mule. In Spain it is 3 Qyintals, which 
are 360 Pounds, and fometimes 432 Pounds ; at Venice and Antwerp it is 
400 Pounds. At Lzons and every other Place in France it is 270 Pounds, 
and fometimes 300 Pounds. The Schiffpfundt of the Germans has fome 
Affinity to this fort of Weight, as we thall fhow in its proper Place. 

BIRKOWIEC, a Weight among the Mu/covites, and the Inhabi- 
tants of White Rufia, contains 10 other {maller Weights, (which the Peo- 
ple of thofe Countries call Pud) each of which weighs 36 Pounds, from 
whence it is that this Weight is 360 Pounds in all. 

The SCIBA of the Egyptians weighs 320 Pounds. 

The RIVOLA or Romula, a Weight ufed in the Country about 
Damafcus, is 225 Pounds. 

STAR, amongft the Venetians, weighs 360 Pounds, and fometimes 
220, 180, 130, or 120, and fometimes but 110 Pounds. This Diffe- 
rence arifes from the feveral forts of Goods they weigh with it; which 
I thall not here dwell upon. 

The WAGE, a Weight amongft the Belgzans, weighs at Antwerp 
165 Pounds; at Bruges in Flanders 30 Stones, or 180 Pounds; fometimes 
at the fame Place it is but 20 Stones or 120 Pounds ; with this they weigh 
Butter and Cheefe. 

QUINTAL, QUINTALO and QUINTALIS; a Weight a- 
mongft the Spaniards and Portugueze. In the City of Leon it weighs 100 
Pounds. At Seville the great Qy:ntal is 144 Pounds, and contains: 4 Robes, 
or drrobas of 42 Pounds each: the little Qyzntal is only 28 Pounds. 
There alfo they have another fort of Qyintal which is 120 Pounds, or 
4 Robes of 30 Pounds each. The Portugueze Qyintal is 128 Pounds, and 
contains in like manner 4 Robes, of 32 Pounds each. This is their 
Greate? Quintal: the Lefer is but 112 Pounds; which alfo contains 
4 Robes, weighing only 28 Pounds each. In the fame Country the 
Quintal of Wax weighs 1 + of the Lefer Quintal, and is therefore 168 
Pounds. In the Kingdom of Fez, the Quintal is 66 Pounds of Azt- 
werp, and in Morocco and Guinea 129 Pounds. 

CANTAR and CENTNER is what was anciently called the 
CENTENARIUS or Hundred, which weighed 100 Pounds: from 
whence it was that in Nontus the Soldiers cried out: Quid fit? Baliftas 
jattas Centenarias; if it be only that thofe powerful Machines threw out 
Stones of 100 Pounds? But now this Weight is varied prodigioufly, and 
fuited to the Convenience of a vaft many Nations that make ufe of it. In 
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France (for Example) in the City of Paris, it is divided into 4 Qyartront, 
or Quarters, of 25 Pounds each. At Liens, Thouloufe, Avignon, and Mont- 
pellier it weighs 112, Pounds. In Spain it it 4. Robas, each Roba 30 Pounds, 
which added together make 120 Pounds, and anfwer to the Weight of 
a Quintal. In Pugha, Calabria, and Candia, as. alfo at Conpantinople, 
Alexandria, Aleppo, and: the Mlands of Cyprus and: Rbodes, it is’ 100 
Rotules; in Sicily 61 Rotudes of 30 Ounces.each, make a Hundred or 
Centenary. At Damajeus it contains 5 Zurls, oc 5 Stones, of 20 Rotules 
each: In Barbary, it is.5 Robes, and every Robe 20 Rotules; at. Oran it 
is 4. Robes, In England it is. 112 Pounds. At Noremberg and moft of 
the chief Towns in Upper Germany it-is 100 Pounds, 120 Pounds, and 
fometimes 132 Pounds. -In Silefa and Vratifiew it weighs 5 Stones of 
24 Pounds cach, which is 120 Pounds; the fame it weighs at Hamburgh 
and Dantzick. At Koningsbergh it is 138 Pounds. At Lubeck and Stetina 
in Pomerania it ig 121 Pounds. At Cracow in Poland it is 138 Pounds. 
At Warfew it weighs 5 Stones of 32 Pounds each (as I have already faid) 
which make 160 Pounds ; in purfuance to the Orders eftablithed in that 
Kingdom in. the Year 1565. At-Leopole in Riffs, it is § Stones of 
30 Pounds each. 

The ROBE or Arreba, is a Spamfh and Itakan Weight of 36, 32, 
30, and 28 Pounds, as I have already faid.. 

The STONE, commonly called Stein in the Upper and Lower Ger- 
many, is much ufed by the Germens, Flemmings, Hollanders, and all the 
other Nations that inkabit the Bonders of the German Ocean, and the 
Baltich Sea; azin Poland, Lithuania, Sc. It is likewife ufed in Italy, 
(viz) at Rome, Florence, Bologna ; as well as Hamburgh, Lubeck, and 
Stetin; inall which Places i it weighs 10 Pounds: At all thefe Places they 
have likewife one of another fort, which ia double of the firft, and .con- 

fequently weighs 20 Pounds. . At Vratiflew in Sslefia, it is 24. Pounds; 
at Cracow 25 Pounds; at Warfaw and Lubke 32 Pounds, in purfuance 
to the Orders iffued out by Sigifnrumdus Auguffus in the Year see 
Leopole it is 30 Pounds; at. Dantzick the Stone is of two kinds, the 
biggeft of which is 34:Pounds, with which they. weigh Flax and Wax; 
and the /caft is only 24 Pounds, with which. they weigh Drugs, Spices, 
and all Aromatick things. At Keningsbergh it is alfo of two forts, the 
biggef weighing 40 Pounds, and the deaf 25 Pounds. | _ At Elbing, Vilna 
in Lithuania, at Riga, and at Revel in Livonia, itis 40 Pounds; and at 
Thorn 24, Pounds only. 

NAGEL is a Weight in England, which is particularly ufed for 
weighing Wool : at Bruges in Flanders it ig 6 Pounds... Furthermore 45 
Nagels confticute a certain Weight which they call Wage, 2 Wages make 
a Sack, and 3 Sacks make a Seltier or Serpeker, But in England the 
Nagel weighs 7 Pounds;.3 Hundreds and; make a Sack of Wool, 
which ie 58 Nagrhs. the TOD in likevwile wn Engl Regn, and-is 4 
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The ROTULA or SCUTARIA is a Weight ini Italy, and in 
feveral Parts of the Ea/, as in Arabia, Syria; Greece, Rhodes, and Cy- 
prus: It is divided into 12 Ounces, Sacros, or Sachofes; into 24. Sexatios 
or Sicls; into 48 Denarii, 7 of which make an‘Ounce; into 96 Dar- 
guins, ot Drams; into 288 Scruples; into 576 Orloffats, or Oboli; into 
864 Danigs; 1728 Kirats, or Carats, or Siliqua, and into 6912 Keftufs, 
which fignify Grains: According to Nicholas Tartagha, in his Twelfth 
Queftion, the Rotule or Rotula at Venice, weighs 2 Pound, or 33 
Ounces and }, and 3 Rotules make 100 Ounces. In Sicily the Rotule is 
30 Ounces; at Alcairo it is 6 Pounds; at Aleppo 60 Ounces; at the fame 
Place the Ounce is divided into 8 Metallicks or Metecalles (this is the 
Turkifb term for Drams) and one Rotule is 480 Metallicks, each of which 
weigh 1! Pefo, and 10 Pefo make an Ongue, or Ongy; in fine, 50 Me- — 
éallicks make a Turkifb Mark; but 32 of them would conftitute ours. 

The MINA, MANEG, or MNA, in Egypt, weighs 16 Ounces ; 
in Syria and Fudea 18 Ounces; but in fome other Places it is found 
that the Ancient Grecian Mina weighed 100 Drams. 

The POUND, which in Germany is called the Pfundt, in the Low- 
Countries, ‘Pond, and by the Poles, Funt; is in great requeft- all over 
Europe, and well Known to moft Nations of the World. But as it is 
very varioufly divided by different Nations, and is obferved to be very 
much altered as to Weight, and the Number of fmaller Weights it is 
divided and fubdivided into, I fhall enlarge alittle more than ordinary 
upon this Subject, and infert here its Differences and unequal Divifions, 
as practifed in the feveral Provinces and Cities of Europe. For this once 
¥ thall follow the Order of Marius Merfennus, who was a very nice Man 
in his Obfervations. I have taken Part of what follows from a Treatife 
of his, of Meafures, Weights and Coins. He begins then with the French 
Pound, with which he compares, and to which he reduces the Weight 
of the Pound in feveral other Countries. Firft he divides the French 
Pound into 16 Ounces, the Ounce into 8 Drams, the Dram into 3 Scru- 
ples, or Deniers; fo that the whole Pound contains 384 Scruples or De- 
wiers in all; the Scruple is divided into 24 Grains, by means of which 
Divifion the Ounce will contain 576 Grains, and confequently the whole 
Pound is 9216 Grains. As to the Grain, though it is a very {mall and 
inconfiderable Part of the Pound, yet he {ays the Goldfmiths in France 
ufually fubdivide it into 512 Particles. He then affures, that he tried 
and found }: of a Grain weighed at leaft as much as 40 Particles or 
Grains of Sand, from whence it follows, that a Particle of Sand weighs. 
Segrs Of the Grain of an Ounce. 

Having thus afcertained the French Pound; he teaches a Method by 
which Coiners may make their Grains as nice as poflible, viz. They 
mufs firft divide the Pound into 16 equal Parts, or Ounces; then fubdivide 
each fixteenth Part, or Ounce, again into 24 equal Parts, which will be 
Deniers, and then each Denier into 24 other equal Parts, which will be 

L Grains: 
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Grains. This laf? Divifion may eafily be done with a little Plate of Cop- 
per or Silver, very thin and leugifh, that it may be conveniently divid- 
ed into 24. Particles or little Plates; but Care muft be taken that. the 
Plate ts equal and uniforms’ throughout all. its Dimenfions, Some (faya 
he) think it may be done with more Exatinefi with Brafs or Iron Wyre, 
as being more com and regular than Plates of Copper or Silver; but (to 
fay my Thoughts concerning this Method) if they feek after an extream 
Qyality, by Pieces of Wore, they take a wrong. Method to find it, and 
the reafon is, becaufe the Natid End of the Wyre that paffed through the 
Hole or Mouid, widened it in -fome Degree or other, and thus that which 
came through after it will be bigger, and confequently heavier than 
the firft. This Inequality bas been fifficiently examined, by the Gold 
Weights, and difcowered by. the moft exa& Scales, and it is impoffible to 
remedy it, whetber you file the Wyre or cut off any Part of it, fo that 
you wll never this way fad out that ied Geometrical Equality 
which you fought after. 

Having done with the French, he proceeds to the Roman Pound, which 
differs Very little in irs Divifion from the firft. For it is divided into 12 
Ounces, the’ Ounce into 8 Drams, then into 24 Deniers, or into-612 
Grains. Now the different Weight of the French and Roman Pound, 
appears from the Experiments he hinwelf made; for he fays that the 
Difference between the Romas snd French Ounce, is 40 French Grains, 
and that che Raman Dram is 67 French Greias, and confequently that 
the French Dram is 5 Grains heavier chan the Remaz; and thac the 
Romen Pound is equal to 11 Quaces, 1 Dram, and 1 Denier : Now if you 
reduce this into Grains, you: will ‘find that the Grains of the Roman 
Pound will be equal to 6432 Grains of the French Pound, and confe- 
quently that the French Pound will be to the Roman rene ss 9216, is 
to 6432. : 

Ia the third Place he gives us the Exghfo Pound, which is what the 
Goldfmiths particulerly make wle of co weigh Gold and Silver, and 
which they commonly call IroyWeight. ‘This Pownd is divided into 12 
Ounces, cach 'of. which is heavier than the French Quace, by 10 French 
Greins, ‘Thos the Proportion of the Freach to the Exh Pound is as 
9216 to 7032. ‘The Merchants of this Hand have another fort of 
Pound, which they divide into 16 Ousces, and which they call vsir- 
dupois; the Ounce of chis Pound is 40 Freach Grains lighter than the 
French Ounce, and confeqacrtly oqual to a Ramen Ounce: Thus this 
whoie Pound is equivalent to 14° Ouaca, 7 Drams, and 18 Grains of 
French Weight. From this we infer that the French Pound is t0 the 
Engh fi Pound of Mvsirdupois Weight 43 9216 is eo 8586. Now as it 
happens that the Ounce of Trey Weight, which being 10 Grwiws heavier 
than the French contains 840 Groias; it is plain chat the Engh Grains 
are 7 and half lighter than the Frexch Grates. And thus as chef Graixs 
are of the fame Weight in one and the other Zaglij Ounce, confeqyent- 

4 ly 
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ly the Pound Avoirdupois of 16 Ounces, will be equal to 14 Ounces and 
an half Troy Weight. 

From Eagiland he goes on to the Low Countries or Halland, where he 
affures us he had often made the Experimear, and found, that the Low 
Country Half Ounce, weighs half a French Grain more than the French 
one. Thus the Dutch Pound of #6 Ounces will weigh 9232 French 
Grains, and confequently the Proportion between the French and the 
Dutch Pound wilh be a8 9216 is to. 9232. In the Low Countries they di- 
vide the Ounce into 20 Angiics, (which the Dutch call Engel{chen) and 
che Aaglic’is‘fabdivided into.32 Grains. Thus the Datch Ounce. will 
weigh 640 Dutch Grain, ‘and from thence it will follow chat the Dutch 
Grains are about 4; lighter than the FrencB ones. 

~ As tothe Spani/b Pound, fhsdiodesiot pretend to know any thing of that 
by his own Experience ; and only fays, thar be has heard that it is equal 
to 15 Ounces, and 24 Grains of French Weight. But I find- by Villalpan- 
dus, that the Pound is of three Sorts among the Spaniards (uiz.) the Big- 

ger of 32 Ounces; the Mean of 16) andthe Lifer {which they call 4r- 
pontutis) of BOniates: Noes 

I thall here fubjoin the Divifions and Subdivittons of the Pound, in fe- 
veral other particular Provinces and Cities, from my own Experience, or 
from the Information I tiavé had from others. - 

In Poland the Royal Pound is 32 “Loths or Half Ounces; each Leth 
weighing ee Silica, ‘which in the Language of the Country are 
called’: we the whole Pound weighs 48 Sicilica. The 
Dantzic Pound isin like manner divided into 32 Lotbs, and the Loth in- 
204 Syarteri, which they alfo call Qyinticyn ; the Qyarter into 4 Sefteres 
or Panderal Nowmules. eeereey the Dantaic Pound is compofed 


make'an Ounce of « Pund, it will aecellarily follow, that 4 Nommules 
will make a Dras, ‘and thus a°Momaude will weigh 18 Grains from 
whence it will follow, chat the whole Pesad will be compofed of 9216 
Graint; which ate‘equal in Number to the Grains that conititute the 
French Pound, ‘ts we have before obferved from Mer/ennus, Now in or- 
der-to know ‘what Proportiotr a Grain of the Dantzic Pound, may bear 
so the Graiz of a French Pound; pleafe to cake notice of what follows, 
Peter Grugerus; ove of the matt famous Mathematicians in Dantzic, af- 
fores us (in @ little’ Treatife ‘of Arithmetic which he wrote in Germany ;) 
he had often experienced ‘that the half Pound of Crecow (which the 
| Sos a eee aed ee 16 Lath, and 12 

mmides Of Dentzic; that ia, that the half Pow of Cracow is 12 
Nommales heivier than the balf Pound of Dantzic of 16 Loths. -From 
‘wheace we may conclude, thar the Dantsic Pound is 10 that of Cracow, 
as 9216 is t0-9648: © “But inafaaach as itis the moft current. Opinion, 
siths, as well as the ‘mot soceiwed one among the ge- 
eee A ete ee oe 
Impe- 
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Imperial Dollars, or Silver Crowns, and inafmuch as the aforementioned 
Peter Crugerus fays he himfelf tryed and found that 7 Dutch Dollars 
weighed 16 Loths, and 12 or 13 Dantzic Nommiules, and that upon a 
fecond Tryal, he found that 7 new Saxon Dollars weighed 17 Loths 
and one or two Nommules of Dantzic; it will follow that 7 Dollars 
want but little of being equal to the Cracovian half. Pourid; which a- 
grees .very well with the common Opinion with regard to this mateer ; 
which on the other hand agrees with the Obfervations of Crugeras, whe 
having taken upon him to examine the Weight of the Cracovien and 
Dantzic half Pound, we thail particularly ftick to what he fay; that we 
‘may avoid the Confufion and Trouble, which a Diverfity of Obfervati- 
_ ons might introduce into our Difcourfe. 
_ But fince Merfennus in his Treatife of Meafures, Be. makes the Tnspe- 
tial Dollar and that of Burgundy or Flanders (which the French call Pa- 
tagons; and which are very: well known all over the Low Countries ) to 
weigh 22 Deniers, or 528 French Grains, it will follow, that the Cra- 
covian Pound, weighing 14 of the like Dollars, will be equal to 7392 
French Grains; and the Pound of Dantzic to 7061 of the like Grains. 
The Warfovian Pound is an Ounce lighter than the Dantzic Pound, as I 
myfelf have experimented, it weighing but 8640 Dantzic Grains; there- 
fore the Warfovian bears fuch Proportion to the Cracovian Pound, as 
8640 does to.9648 ; that is, it is lighter by 1008 Grains, which are e- 
qual to one Oxce, 5 Drams, 2 Deniers, ond 21 Grains. But it weighs 
6619 % French Grains. The Pound of Koningsberg bears fuch Propor- 
tion to that of Dantzic as 8121 3 does to 9216, as appears by Peter Cru- 
gerus, who found that 160: Pounds of Koningsherg, were equal to 141 
Pounds of Dantzic. The Pound of Vilna is equal to 29 and «$ Loths of 
Dantzic, and weighs 8378 ;$.of Dantzic Grains. The Pound of No- 
remberg is equal.to 11511 Dantzic Grains; therefore it exceeds the 
Dantzic Pound by 2295 Dantzic Grains; which are equal to 7 Loths, 
3 Drams, 2.Denters and.5 Grains. That of Cologne weighs 39 Loths 
and 3 Nommules, or 11286 Dantzic Grains; therefore it exceeds the 
Dantzic Paund by 2070 Grains, or 7 Loths, 2 Deniers, and 6 Grains of 
Dantzic Weight. n purfuance of an Imperial Mandate, the half Pound 
of Gologne ought to weigh 8 Imperial Dollars, which Crugerus fays he 
found to be the Weight of it; y ths whole Pound therefore mutt weigh 
16 Dollars, and confequently it will: bear fuch Preportion to the Craco- 
vian Pound, a8 8 does to 7; or that it muft be } or 2 Ounces heavier than 
that of Cracow. Crugerus moreover obferved that the Dutch half Pound 
(which is called. Troy-gewicht, and Troyfche Marck by the Germans) 
weighs 20 Leths and 10 Nommules, or 5940 Dantzic Grains; therefore 
the whole Dutch Pound is equal to 11880 of the fame Grains, and ex- 
ceeds the Dantzic Pound by 2664. Grains, or g Loths and one Dram; 
whereas it exceeds the Cracovianw but by 2232 Dantzi® Grains, or 7 
Loths, 2 Drams, ah eee From whence we may conclude, 
that 
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that the Ounce of this Dutch Trey Pound, as commonly divided into 20 
Anglics, or into 640 Grains (which fome mean by the Word en) con- 
tains 742 1 of Dantzic Grains, end confequently that the Dantzic 
Grains are lighter than thofe of Holland, "The fame Dutch Ounce, (ac- 
cording toWillebrordus Snellius, in his Eratofhenes Botanic. Lib. I. Cap. 
V.) weighs 9 Golden Rofe-Crowns, commonly called Rofen-Nobel or Rofe- 
Nobles, which Crugerus having tried, found that 4 of thofe Nobles or 
Crowns, weighed 2 Loths, 9 Nommules and + of Dantxic, or 742 + Grains. 
The fame: Author in the fame place will have i it, that chis Ounce is equal 
to the old Roman Ounce. Again, if we. compare this Batavian Pound 
with that of France, we fhall find that it weighs near gro4q French 
Grains. From whence it is evident, that the above Obfervations of 
Merfennus, concerning the Dutch or Batavian Pound, differ from this 
laft; inafmuch as Aderfennus has made the Dutch Pound to weigh 9232 
French Grains, -whilft Grugerus allows ic to be equal to no more than 
9104 of the fame Grains; fo that there is a Difference of 128 Grains 
petals them. ‘The Pound of “Elbing is exaGly equal to that of Dant- 
. But let“us:now proceed to the Divifions and Subdivifions of the 
Pound, -as they are variqufly praCtifed in feveral other Provinces and Ci- 
ties. As for Example ; at Rome, Florence, and Bologna, they have a 
certain Pound of 30 Ounces; with which they commonly weigh Wax 
and Wool: At Milan, Pavia, and Cremona, the Pound with which 
they weigh. Flethi, is 28 Ounces: At Venice the Pound is divided into 
12 Ounces; 72 Sextules,-1720 Sikes, and 6912 Grains. At Vienna in 
Aufiria; che Pound is: divided:into 32 Leoths, 128 Qyints, 512 Deniers, 
and 12800:Grains. At Antwerp the Pound's of 16 Ounces. At Bruges 
in Flanders of 14 Ounces ; but at the fame Place they have another fort 
of Pound, which 4s‘ divided into 16 Ounces; therefore the 100 Pounds 
of 16. Ounces each; are equal to: 168 Pounds of 14 Ounces each : At the 
farnie Place: they fubdivide the Ounce into 2 Loths, the Loth into 4 Sifa- 
nits, the Sifenif into 2 Drams-or Ryints. In the Kingdorn of Fez, the 
Pound is of 18 Ounces; 

In thorethe Medicinal Pound, which is properly the Old Roman Pound, 
is divided into‘z2 Ounces, into 24 balf Ounces, into 69 Draems, into 
288 Scruples; into: 576 Oba, into 1728 Silica, and into 5760 Grains. 

IF fhall here’ fabjoin the Charaéters tiled by Phyfcians, pc cence 
and Surgeons, ‘to exprefs ali-the Parts of a Pound: for Example ; the 
Pound is exprefied thus Ibj an-Oxnce 3 j; two Ounces 3 ij, and fo on till 
you'come to half a Pound, which is thus exprefled ibfs; a Dram 3, j; two 
Drams 3'3 ; and fo-on to Right. The Scruple thus 9; and the Grain 
thus gr: Pleafe to obferve that we fhalt make ufe of thefe Characters for 
the foture, ‘to'avoid the too frequent Repetition of che Words. 

Phere are: ‘9 Veflels of Metal, made like Cups; that anfwer to the 
Weighs of one ‘Pound, "The firft with alt the reft in iNveighs one Pound, 
or: ee } Oiinces, aad itlelf 8 Ounces, — Second with thof contained 


in 
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in it-weighs 8 Ounces or half-a Pound, and by it felf 4.Ounces. The 
third with thofe contained in it 4 Ounces, and by itfelf 2 Ounces, 
The Fourth with &e: 2 Ounces, and. by icelf 1 Ounce. The Fifth 
&c..1 Ounce; and by itlelf 4 Drams. The Sixth &e. 4 Drams, and 
by icfelf 2 Drams. The Seventh &c, 2 Drams, and by icfelf 1 Dram. 
The Kighth Ge. 1 Drew, -anicby Gil ry Scrupl, And the lat 
14 Scruple or 36 Grains, 

-Obferve-here that-we have faid, in the former Part of this Chapter, 
that the Hrbrew Shekel, according to:-Merfennus, weighed 268 French 
Grains; bet fince Merfeanus, in Lib. EX, of his Treatife of Meafurcs, 
Weights and-Coins, will abfolutely have it,. that che Imperial Deller an- 
fwers nearly to 2 Shekels; inafmuch as 2 Shekels are equal to.536 French 
Grains;. it muft follow that-28 Shekels are equal to. 14 Imperial Dollars, 
each Dollar weighing: 536-French Grains; which being compared with 
the Cracovian Pound, it will infallibly. be found:to weigh 7504 French 
Grains. Again, the Lrw-Country Pound (whofe Proportion to the Cra- 
covien Pound we have already confidered) will be found to weigh 9104 
of the (ame Grains; ‘which Number, as it docs. not differ’ very much 
from. the Obfervations ‘of: Merfennus, as to the Proportion that this 
Peund bears tothat of France, fecchs to me.to be the moft reafonable, 
and therefore I choofe to ftick by.this Proportion ; for am ef Opinion, 
that Merfexmus has.affigned a Weight to the Imperial Dollar which 
would. have agreed-better withthe Flemmife Patagon; this latter being 
in fome degree different from the former, whether as to Purity. of Sil- 
ver, Valueiand Weight,.-ic being commonly lighter. But I thall leave 
this to the Decifion of: shofe who are perfeaily skilled in what relates 

“The MARK of Money, which the Latins called Marcha wiihe 

Nummuloria, or. Nummaria, and which we thal] call..with them the 
Nuwmular Mark ov Pound, is much ufed by Monneyers, .Goldfmiths; 
and all thofe.who are concerned in the Manufadture of Gold and Silver. 
In Poland, that of Cracow is 8 Ounces, or 16 Loths, which are equal to 
17 Eoths,. 7. Nommules, and ; of Dantzic. ‘That of Dantzic weighs 
alfo 16 Loths, or 256 Nommules, or 1024 Qyarters, The proportion 
of thisto the above-mentioned half Pound of Dantzicis as 4054: is 
to 4608 ; that is, that che latter exceeds the former by 554 Grains, 
which . are cxadlly 1 Leth; 14 Nommules, and 14. Grains. The Dant- 
xic Mark is particularly ufed in weighing Silver, and is divided. into 
24. Sicihes: — of which. is. fubdivided. pithge ali but that 


Pounds 
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Pounds of the fame Place. .The Dutch Mark is 8 Ounces, the Ounce 
24 Nommules, and the Nommule 24 Grains. The Roman Mark is 8 
Ounces, the Ounce 8. Drams, the Dram 3 Scruples, che Scruple 2 Obolt, 
the Obelus 3 Sikes, and the Silke 4. Grains, The French Mark, ac 
cording. to. Mer/ennus, is. 8 Ounces 5 but we have already faid enough of 
its Subdivifions. . The Venetian Mark is likewife divided irito 8 Oun- 
€¢$, IN - 32- Qyarters,. into. 1152 Carats, or Silics; and. into 4608 
Grains.» The: Nummular or Money Pourid of Florence is divided into 
24 half Ouaces, or.Loths, into 288 Nommules; and into. 6912 Grains. 
The Golden. Mark of Genoa is 8 Ounces, or 192 Nommules, or 4608 
Grains. At the fame place the Silver Pound is divided into 12 Ounces, 
288. Nomesules; and 6912 Grains The Money Pound of Naples is 12 
‘Ounces, o 96 Ofaves, In Portugal it is 8 Ounces, or 64 Ofaves, or 
288 Grains. In-Mifaia and Saxeny it is 8 Ounces, or 193 Nommules, 
or 4608 Grains, And to.conclude, that of Nuremburg. is 16 Loths, or 
64. Quarters,or 256 Primes or Nommules, or 1044 Sixteenths, 
We have I think faid enough of the different Properties and Pro- 
portions of Weighty as. well Ancient as. Modern; and I believe that no 
: “this, .mece with.any Difficulty or Doubs, con- 
cezning, heir _Coenoagoes se Ration, pp emees would Ais 


a chi ( pe re — . ir reese pia all the Weigle in 


5 eth spas arch the actent Roman Standard, 
grininecoarees a Table 


ig rs pees tog ee ne  oR eaerne 
ther. carries a Ball. or Bullet of 60 Ib Roman; to know how -many 
: sit would weigh; you may proceed in the fol- 

400. 1b Roman, are.to. 76 tb of Am- 
the. given Table, fo is 60 1b Roman, which is the. Weight 
iven: Bu: et,;t0 the Weight. of it in Amferdam Pounds, which 
i ‘his: being .pérformed after the common. way,. you 
nll: have 45 ¥- which will. the. ‘Weight fought. of che’ given 
Bi ae ae a oe ee alt oak nll 


lowing mannee. (viz + as. 


ES doce, fabjoin fome Remarks taken from 
Mecfowen?s Book of Ba eqfures &c..to. prevent our being. no more per 
flexed by the DefeG,. and. grese and frequent ImperfeGtion of Weighes, 
than by the. great Difference. and Variery between: ‘them 5° bye shes ect 

7 the 


44 Of the Great Art of ARTILLERY. 

the contrary, when we meet with any thing of this kind that cannot 
poffibly be rectified by our utmoft Induftry and Application, it may be 
given over and rejected, in confideration of that great Degree of Incer- 
titude, that infeparably accompanies almoft every. human Action. 

Having carefully fought after thé Caufe of all thefe Differences and 

Defeéts, which could no ways be attributed to the Balance, nor to the va- 
rious Tentur of the Air; xo mare than to the breathing of thofe who lifted 
up or held the Balance; which may feem to have a troublefome Effet, and 
to difturb the equilibrium ; I at length found out, that all this Diverfity 
proceeded from the Standard Weights, which are kept in Town Halls and 
Mints, for the Examination of all other Weights; ind frnuch as thefe three 
Models or Staridard ‘Weights; of which the biggef is 64 Marks; the mean 
32, and thé leaf 16, or 32, 16, and 8 Pound, do not fo exattly corre 
frond with each other, but that there is a Difference between them of feve- 
veral Gtains; by which means the Ounce of one is not exaétly the Ounce 
of the other: But that we may net rafbly accufé the Wardens, who bave 
the keeping of thefé Weights, nor the Workman who made them, of either 
Negligence oF Difbonefty : I inupft here fay; thet it is a very bard Matter, 
or that in foort it is impofible that thefe Weights, let them have bien made 
in what Manner, or of what Material feever, nay if their Conffence bad 
been as durable as Adamant, to préfervé their original Size in its utmoft 
Extent, or that nice Proportion with which they were at firft endued: 

Let there be (for Example) two Braft Weights of one Pound cach, 
adjufted to each ether with all the Nicety that the Indifiry of Man is ca- 
pable of, yet this nice Equality cannot ahways, (nor indeed for any confider able 
time,) remain tn that extreem Degrte of Perfection as you may imagine; 
and the reafen of it is, becaufe, as thefe Weights are from time to time 
bandled, in the daily Examination of other Weights, they wear out or 
wafte a little by that Means, fo that the more they are handled or moved 
about, the lighter they will become : from whence it happened that the fa~ 

mous Examiner of Weights, Semillatdus, difeoorred his Mark, or balf 
Pound, ‘to bave bf 4 Grains of tts Weight in 2 Years time; which conje- 
quently would have ditninifbed it 300 Grains #2 200 Years, and in foort 
an entire Ounce or ‘57 Grains im the Space of 432 Years. 

‘But you may fay, in anfiwer to this; that thefe two Standard Weights 
frould be equatly bandied, as often as there is occafion to make ufe of them, 
to the end that the one may be Leffened: in'an exat® Proportion with the o- 
ther 5 but to this I reply ‘(not to mention the Difficulty of managing fo, as 
that beth foall be agitated with an equal Motion, and handled fh nicely a- 
like, that a Perfon might fay be bad equally lefened them) who is be that 
can boaft of knowing perfeétly how much bis fir handling wore them, Low 
much it wore them ina Year, or indeed in | an Age? Let us therefore con- 
clude, that we canbe fire of nothing upon this Head, ‘wo-more than in fe- 
veral other Cafes wherewith we in vain perplex ourfebues. Let us be welt 
Satisfied, af there foosild be a Grain. or twe of Difference between two 

4 Weights ; 
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Weights; whieh ts fucb.a Trifle,: thet-it cannot well be faid to be injurious 
either to the People or the State ; for to what purpofe feould we feek after 
cher Geaetiet Perfo whichis not only incompatible with all Human 
Thingy pile aged — ee 


C6 H A Pp x 
Of Weighing INSTRUMENTS 


we “wloally examine “all saaniee of eighth, idk cio Yaaes ol es 

fruments; viz: the Balance, ot Scales,and the Stechyard, which 
forme call: peri ato “We thall here fet, forth in the moft.con- 
cife: Mariner we are able, the Origin of ‘bath the one and the other of 
thein ;- their Properties, their Ule, their percenle Ecansend Var: 
and in hore che manner of shir Conftrudtion, 


Of the BALANCE, 


amie will have it. that the Baldice, and Sveebgard derive cheit Ori- 
a ndametit. 1 Princ ples, ‘from thefe ty two ‘general Axioms in Me- 
Bo ed a ts wweig equally ° ‘at ‘equal Diftancss, 
but that the eg toys at “ere 


on tt. We gratis hough 1 kaiow" that this 
ver warned treated of by a great many, F yet 
think they. have te 0 ine fome little to fay; or at leaft I may have leave 
to entertain fach as ‘ere Lovers of the Machematicks, with an Abridge- 
meat f wig fo may acer have dif of fo age, ‘and-demon- 
with fo° y- I fiall then endeavour to-reader my 

iy weil by tea of. one Figure Which I fhall here give you. 
supp yeep ‘thar the Righe Line A; B. in Fig. 11, be the 
the Balance, and thar G is the Axis or Center. Now 
s fuppok “are eginidifiant from G, and the Weights 
ipa ‘at thefe two Points “will: infaltibly aguipenderate, if they are 
“ mé another; it being very evidene-from our general Pefulata, 
1 Bodies of ‘che? fame Weight, ‘and at equal Diftances from their 
common Centeé, ‘are in. ABguilibrie, in the Point of their common Con- 
inétion;-and: in ‘the Terminatic a oe ae ee Thus the 
Bodies 


es « 
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Bodies E and F, being fuppofed of equal Weight, and the Right Line 
A and B, by the Extremities of which they are fufpended, being di- 
vided in fuch a Manner, that A, G, and B, G, are equal, and A and 
B aquidifiant from the Center, it will neceflarily follow that the Point 
of Agqutlibrium of both Bodies is in G, which it would not. be if they 
did not weigh equally, or if they had been fufpended at unequal Di- 
ftances; neither of which happens in the prefent Cafe. But you 
muft obferve here, that the Weights muft hang by *Lines that are per- 
fe@ly perpendicular. For fuppofe-the Body E be fufpended at the Point 
K, and that the Right Line G, K, be equal to the Right Line A, G, 
or G, B, and that the Line of. Diredtion K, I, by which the Body E, 
tends towards the Center of the Earth, interfects the ae Line A, B, 
inI; \now becaufe'G, I, is not equal to A, G, or G, B , the Body E 
will no longer eguiponderate with F fufpended at B; by which i it muft 
plainly apear, that fer Bodies to be in guslibrio, it is not only necefla- 
ry that they be of equal Weight, but likewife that they be eguidifent 
from the Center of the Balance. I fhall now thow you the Figure of it, 
and furnith you with fome ufeful Obfervations concerning the nice Con- 
ftru€tion and Examination of it. 

In Fig. 12. you have the Form of the Beam or Brachia of the Ba- 
lance; whereby Smiths, Scale-makers, &c. may fee how to adjuft them. 
The right Line -A, B, is the fundamental Line of the whole Machine, 
which is exactly divided in the middle by the Right Line C, D, in the 
Point E ; to this are joined two others that are parallel to it, and egui- 
dsfant from E (viz.) F, G, and H, I, divided in the like manner by 
C, D, in K, aad L; from L defcribe with the Line L, M, the Circle 
M, N, W, P, divide the inferior Semi-diameter of this Circle into 4 
equal Parts, at the Points L, O, and R, and from thence you may eafily 
know the Diftances of the Parallels G, F, and H, I, from the Line A, B, 
(viz,) che eighth Part of the Diameter M, W, or the fourth Part of the 
Semi-diameter L, M. From the Point K, the Center of the Balance, de- 
{cribe a Circle with the prickt Line K, a, or E, K, which is included 
in the Square, b, c, d, ¢, and where Workmen commonly put a kind 
of Nail or Axis which is round at Top, alittle angular at the Bottom, 
and pointed at the End, upon which the whole Machine turns; now the 
Diameter of this Axis ought to be very little lefs than the Semi-diame- 
ter of the Circle included within the Square. This Axzs is fixed in an 
Handle, (the Figure of which you may fee under the Letter B,) which 
fuftains the.whole Burthen of the Balance and Weights. The Brachia 
A, E, and E, B, are meafured from E, and terminate always in the 
Lines M, W, or P, N, fix, eight or more times meafured from E to- 
wards A or B.. Obferve-here, that the longer the Brachia are, the nicer 
will the Balance be. They make the Fulcrum of the Beam after this 
manner, (viz,) Defcribe a Circle from L with the prickt Line L, D, or 
L, G, Abrbichs equal 90 1:05 sneer ~diameter L, M,) thea divide the 


Peri- 
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Periphery of it into 6 equal Parts in the Points C, S, h, D, g, V, then 
through the Points g, V, and h, $, produce the right Lines g, T, 
and h; Q_, till they join the right Line T, Q_, drawn parallel to the 
right Line A, B, through the Point C: Now if from T, and Q_, you 
defcribe the Segments V, f, and Z, S, the upper part of the Beam will 
be formed. Then from P, and N, fet the Diftance between P, U, and 
N, S, towards X and Y; and from I and H, draw the right Lines Y, I, 
and H, X, towards Y and X, and you will have the thicknefs of the 
Brachia.. Moreoverfrotn the Points X, D, and D,-Y, between X, D, 
and D, Y, let there be the equilateral Triangles, X, D, i, and D, Y, k. 

wt; having defcribed the two Segments X, D, and D, Y, from the 
Points ¥ andi, you Will have the lower part of the Beam formed. The 
Tritinay or Cock'C, 'M, mutt be as long as one of the Brachia. The 
Heads herpes te eee A, B, are made bined froall Cir- 


civtses Tate ths greersaviia he Cate of tales "We may 
bag hareieedrart iN antihir ps Pree ape aN and 


fedtion « or nen of any Balance whatfoever 
“OBSERVATION I, 


The er the Balance is the more éxact will it be, inafmuch as it’s 
Brachia defcribé s jarger Circle than the Brachia of {mall ones ; from 
whence fo in ange Balances theit’ Velocity is encreafed, they. being lefs 

the Cehiter to a circular Motion, which is unnatyral to them; 

and, on. the contrary, ‘tefs hindered ‘from a rectilinear or perpendicular 
Motion, which is natural to. them, | and by which the Extremities of the 
Brachia would défcend, if not confined and carried round by the Cen- 
ter. of the Balance; therefore the longer the Brachia are, the more free 
conttrained will their Motion Se; thus the greater-the Circumfe- 


ences they defcribe, the neatét will their Motion approach to a right 
Line: ‘to this you ‘objedt, that great Scaler are‘ not near fo nice and 
exact as the fmaller which are ufed by Lepidaries and Goldfmiths;; thar 


i8- 
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is entirely owing to the coarfe and ftubborn Materials, of which large 
Balances ate commonly made, whereas the fmaller are curioufly wrought 
arid polithed. To conclude; the Ratie of their Velocities is.as ‘the Dia- 
meters of the Circumferences or Circles they defcribe ; and the longer 
the Brachia of a Balance are, by-fo: much will they be more fenfibly 
acted upon, by the Weights eet from. sae and will defoend 
with the eae or 


“OBSERVATION. IL 


“Seales vities without Weights may be in Liquilibrio, though at the 
fame time. they may’be fubject to Deceit. For if the Axis or Center of 
Motion is not-exsétly in-the middle of the Beam, and the-Scale that 
hangs by ‘the fhorteft Brachium is made of knotty Wood, or has had 
melted Lead p mured any: where into it, the Balance: may be in perfect 
Fiquilibrio: Aetsthe thorcett Brachium, for Example; ‘be. divided into 
10 Parts, and he longeft. into 15, and let the Scale fufpended by the 
Latter ‘weigh. 10, and tha fafpended by the Former weigh 15 ;.and their 
Weights and DiSanees being by this Mcans ina reciprocal Proportion, 
chey will be in Aguilibrios and { they will continue to be if you put in 
the Scale of the thorteft Brachium a Weight of 6 Ounces, (for Example) 
and in the other a Weight that is to 6 as 10 is to.1¢3 upon this Accounc 
it was, that Ariftotle (in his Book of Mech. Qyefe. J.) rebuked fo tharply 
thofe Dealers in Purple; for 4 being ta 6 a5 10 is to. 15; they certainly 
fold 4. Ounces:of Silk for 6, which was very unjuit._ Bur you will-cafily 
difcover the Deceit roy aronny itig stiles from one Scale to 
the other. 


OBSERVATION UI. 


Ic is not fufficient to allow for the Length of either of the Brachza by 
adding a greater or lefler Weight to either Side ; for.it is better not to 
admit or truft to this Method of making amends for the different 
Lengths of the Brackia; though. ic might in fome fort be allowed: But 
be affured that the nearer the Brachia are to an Equality between them- 
felves,; the. more certain and ufeful the Balance ‘will be: And if ever 
you are obliged to make ufe of fuch that are not fo very perfod, you 
cannot be t0o cautious in preventing, Errors and Miftakes.. . 


“OBSERVATION IV. 


The Plane upon which the Scales of. the Balance are at ‘eft, or in 
Requilibrio, ought to be perfectly Horizontal, and exaftly upon a Level; 
for if the Scales do not -reft upon « one and the fame Plane, but that on 
the: contrary one of them is deprefied and the. other elevated, they will 


4 not 


Of the Great Art of ARTILLERY. 49 
not in that Cafe’ be: in Zigushbrio ; notwithftanding they might be fo 
when, they: were-bath upon the fame Horizontal Plane; buc that which 

is deprefied. will. overhalance that whichis elevated, nor will the Ba- 
pie readily. reftore itfelf to. an Horizontal Pofition ; becaufe the Pref- 
fure which con done of the Scales to defcend;. remains-imprefled 
a confiderable time after it is down, let therefore your Scales.be gently 
broughe tothe. femme. outa chat you may find. whether or no ae will 
be: in,iguilibrio, | 


oe she 2 ATERA ROMANA ee called. the 
i ae STEEL-YARD.. 

bn what Ihave faid of the. ‘Belance, iohe be fafiicient to p ily 

tics of this. Machine ; yet as it differs. in ies 

ConftruGian. from. the Balance, I fhall,; (to. prevent.the Confufion and 

Perplexity that might arife: rom their different Form).fubjoin fomething 

larly relaning:to it... Letus took back to Fig. 11. where the right 

; epee ths Rasen 9 Brachia of the —— 


ce cany eaomeaay ge eet 
96 byt iene they will. be in Zgeiliipia. For according 
sown she Int ofthe pe reampapndape 


faid eli TE, farther a Point is removed from: its 
x, <the. greater £ Carcle will it detcribe ; fo thar if any. Weight be fie 
[iat J ode ‘trom the Center of, Motion, i it defcribes a.Circle teri 
Brean s thrqugh ten times the Space, that a Weight which 
1e. Cent epee # She fame ss i i mecha Ret 


nt Line hewn B asl, pope you may 


tween A and.B br divided i ingo 5. equal Parcs; from B, the Center of the 
Steel- 
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Steel-yard raife the perpendicular B, D, ‘upon ‘the Right Line A,C; and 
upon the Line B, D, fet off towards D, $ of the Diftance between A 
and B; let the Perpendicular B, D, be continued downwards as far as E, 
to the length of } of the Diftance between A and B, fo that'the whole 
Line D, E, may be equal to the Diftance between A and B. From the 
Point E, upon E, D, extend a Perpendicular on the Right and Left to the 
Points G/ and F, each- of them equal to + of the fame Diftance, and 
compleat the two Squares E, F, H,Q_, andE, G, I, Q_: From G and 
F, with the prickt Lines G, E, and F, E, defcribe the Segments or Arch- 
es H, E,' and E, I; this done, ‘the lower Part of the Inftrument will be 
formed. Now to conftruét the upper Part, tet the two Perpendiculars 
D, M, and-D, N, be produced to D,; E, equal to } of the Diftance be- 
tween A and B; let them be continued to L and K to the Length of 3 
minus + of the aforementioned Diftance. ‘Fhen from L and K defcribe 
the Arches-P, N, and M, O, with the prickt’ Lines K, N, and L, M; and 
thus you will have the upper Part of the Steci-yard conftructed. As for 
the Head or Button, it cannot be wrought after a better or more conve- 
nient Fafbion than. what I have drawn in the Figure, (viz.) If-in the 
Circle 8, U, T,X, Z, whofe Diameter-going through the Center is } of 
the Diftance between A and B you make fmall Mouldings or Roundings 
&, Z, §& U; UT, Ta ar “The Axes R and Y are the Height of + 
of the aforefaid. diftance,- and are made with an Edge that nearly 
touches the ‘Right Line A, C; you will have the thicknefs of the 
paporenetsiarade from C to fFyou take 3; of the fame diftance I have 
joned, and if from # and.C you draw the Right Line, ff, I, 
and C, P; itt thort, the Right Line 5, ¢ c, being produced through the 
middle between them, ‘it will give this Brachium the Refemblance of a. 
Rhomboides in its Orthograpbical Figure. In hort, you muft take the 
Axis or Handle D, dd, equal to treble the Line A; B; and as for the 
three Ornaments that are commonly upon the Brachia and Axis of this 
Inftrument, they muft be referred to the Fancy or Difcretion of the 
Workman but for fuch-as are not Artifts, the Scenograpbical Figures I 
have drawn, may fufficiently inftrué them. I have nothing ‘more to 
fay upon this Head, except “it be to thew you a way of dividing the 
longeft Brachium, which is done by equal Parts, calculated for the Ex- 
amination or Devermination of the fimalteft Weights that are ufed. I have 
faid above that in our-Example the fhorteft Brachium A, B, was to the © 
longeft Brachium B, G, as 1 to ¢; therefore upon the Brachium B, C, 
you: moft diftinguith the: Diftances or Parts with {mall Lines or fuitable 
Numbers, beginning to reckon the Diftances from the Center of Moti- 
on B, and going on towards C; all thefe Parts or Diftances may be fub- 
divided into'any Number of fmaller Parts, that fhall be.deemed proper 
or neceflary. ‘The Counter or Running Weight which hangs by a Ring, 
and flides along the Brachium, weighs fometimes one tf, fometimes 10 
Tb-and 100, or more or'lefs according to the fize of ‘the Steel-yard, the 


ufe 


\ 
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ufe of which muft appear evident to you from what I have been faying, 
and all the Obfervations that can be made upon it are founded upon 
the reciprocal Proportion of Weights, and their Diffances from the Cen- 
ter But fince Jobn Buteo, and others have {poken largely upon this Head, 
I thall conclude this Chapter with fome Obfervations that are in fome 
fort neceflary,, or the right conceiving the Nature and Ufe of this Mz- 
ee a 


7 


OBSERVATION I. 


You muft reckon the Di ifances upon. the Steel-yard from. that Point 
where it hangs and moves round freely, and the Points aly _— the 
Weights on r either Side are fufpended. te 


“OBSERVATION i 


Several Weights hanging at feveral Diftances on the longeft Brachium 
of the Steel-yard, may equiponderate with a fingle Weight. fafpended 
from the fhorteft. To do this it is. required, that the Produé of that 
Weight, multiplied by its Diftance from the Center, be equal to the Sum 
of the Products of all the other Weighs, each oa mauled by its 
Diftance from. the Center. | 


OBSERVATION Hl. 


“That i it is upon’ the fame Principles with the Steel-yard, that the de- 
ceicful Balanwe ie founded 5 eriteh: shea Ls Be nepali of Be 


“OBSERVATION WW. 


Ofc two Weights which feem to be, and are in reality in quilkbrio, the 
beavief bears ‘always fuch Proportion to the Aghte/f, as the Jenge/t Bra- 
chium docs-to the fbortef. From whence. you may obferve that ‘the 
dighte ef Weights Seem to weigh as much as the deavief, which they do 
in appearance only, by means of. their reciprocal Difanees from the 
Center. -; Hence you may: perceive, that for Bodies to be of equal Weight, 
and to equiponderate, or be in Aaquilibrio, are different ‘Things. - From 
which it follows, -that if 2 Body twice as light, is at twice the Diflance 
from the Center as.a-Body. twice:as beavy; or that if-a Body a thoufand 
times. Aghter, is a-thoufand times mire’ difant fromthe Center then a 
Body: a.thoufand times beavier, they will be in Aquilibrio Te 


CHAP. 


Of the Grea: Jt be renat TI ILLE RY. 


CHAP. XI. 


The Ancient and Medern Liguid and Dry Meofures care- 
| Sully veducd to the Weights, . 


“H E Colleétion that we have made of all the Weights which are ufed 

in almoft all the Diftriéts of the World, and which we have treat- 
ed of in the Tenth Chapter ofthis Book, with the utmoft Exattnefs 
and Brevity the Subject would admit of; leads us now to confider the 
Ligutd and Dry Meafures in Ancient and Prefent Ufe, and to reduce them 
to the Weights; conceiving that it will be a Work not wholly unufefal to 
the Pyretechnician, or others who voluntarily. apply themfelves to the 
Study of the Mecbanicks : But here both Reafon, and the order of Things, 
require us to affociate and compare the Meafures with the Weights, be- 
caule we frequencly confound them | cogether. an i 


before we. eter upon’ chs -we mutt premife the following Obfervation, 


bs ‘Phat both Liquid’ and Drythingsvary infinitely with regard to Weight 
which does not only arife from the Diverfity of their Species, but we find 
it alfo in one and the fame Specie; fo. that Water does not only differ 
in Weight from Wine, ‘from Oil; from Milk, from Beer, from Brandy, 
and from other Zsguids ; but-we find alfo that. there is. an Inequality of 
Weight becween Water and Water, Wine and Wine, &c. - Again, we find 
that Wheat 1s heavier than Wheat, Rye heavier than Rye, Oats than Oats, 
Barley than Barley, and foon. Since then Things of one and the fame 
Specie agree fo- Little awithin. themfelves,. ‘it canbe no: Difficulty to con- 
ceive, that they will greatly differ in Weight from one another, though 
with regard  Meafure chey may be equal, which you muft always fup- 
pot. - I mufttherefore defire you would keep in:mind, what I: have al- 
ready: faid of the mutual Ratios.of Metals; Minerals; &e.. And fince i it is 
_ impoffible £0 alcertain:the particular and exa& Proportion of any Liguid 
or Dry Things. £0. othess of different Species, 1 thalt here only fubjoin 
fome general. Ons, 3 ee et Pere bee oe, 0 
clear up this Intricacy: And Fick, : 

That Sea Water is naturally: heavier than any kind of Frefh Water: 
Thac.of the different forts of Fre Water, Rain Water is the lighteft. 
Moreover. chat there is .a-great:Inequality of Weight between: River, 
Spring, Well, Pend, Rain; ee ee cand all forts of Water 
whether Hot or Cold. - 

Again, Water weighs heavier at one Seafon chan at another. Further- 
more, Weter will weigh in a certain Proportion near the Place from 
—! it iffues out, and in a different Proportion after it has run fome 

diftance 


Of the Great. Art of ARTILLERY. §3 
diftance from it; and if you obferve. the Weight of Water before it is 
frozen, you- will infalliby find it varied after, it is thawed; to illuftrare 
this;. Experience evinces, that Ice is lighter than Water, bythe former's 
fwieaming oft the Surface of the latter... 

Thal defignedly pafs over feveral forts. of Water of different Colours, 
Taftes, and Odours;-nor will I take notice of fuch kinds of it.as are 
Glutinous, ‘Bituminous, Aluminous, Sulphureous, or Salt; nor dwell 
upon thofe that inebriate and difturb the Brains of Perfons. who drink of 
it... J fhall. likewife -be filent wieh-regard to feveral Oily Springs, one 
of which Pdiny deferibes in his xxi Book, Chap...11. near Sei a City in 
Crheta;. T, shu “relares.a-Spring of the fame fort. ta be in Ethiopia; 
Solinus Speaks: of . another in-his Chap. xxilis. and Philander makes men- 
tion of another in- his Remanss.on-Chap. iii, Book the viii, of Vitruvius; 
but:thefe I thall pafs over, ag well .as feveral others, whether the Ac- 
counts given of them be truc.or falfe, the latter of .which they com- 
monly are. I find nothing of this-kind worthy. our Obfervation, except 
what Caffedorus.fays Book iv.on the Variety, in the Letter fent by Theo- 
doric firft King-of che Ofregoths.to. the. Eark Apronian, apa ens Waters 
iffang out towards the Eq cand Seuth, are clear, feet, and-very. whole- 
poate, by reafis of their lightns fi; but. that. on the contrary ‘thefe that flow 
towards the Weft.and-North, are too cold, grofi ond unwholefome.  Solinus 
relates fomething-of thie -Lind,..in {peaking of the River Himera ( viz.) 
That this River earied its Tafte: as it changed its Climate, being bitter as 
it fowed towards the Notth,.and foeet when it bent.its Course towards the 
South: And. doubtlefe she.Diverlity.of Soils through which Water 
aws may posseoly Savas: Case upon. the Tafte of it, but.upon. the 
of at likewife, by making is lighter: or, heavier than. when it firit 

eee asia peat one. Word preamps of . x? 


ft ate, Senec ” Pl, Cate, Varo, ‘(where he 

ee nts a gras Awernie!,. Palladius, .Columella, Vi truvius, 
Proial, Beecaee, and many others, who will fully fatisfy you upon 
this Head... I only thought-myfelf obliged to. fay thus much, to thow 
the infinite Variety as.to Weight, between ‘Things of one and the fame 
kind in particular; and between one another in general, 

All forts of Wine are lighter than Woter, tee as they differ very 
much from one.another. they weigh differently ; for fo far are the Wines 
of Falernia,. Orete; Spain;-France, Htaly,. Hungary, Turkey, Wallachia, 
and feveral. others from: agtesiag.with one another in Weight ; that on 
the contrary: Cretan Wine‘ differs-ftom Cretan, and Falernian from Faler- 
sian; and thefe-in general are lighter or heavier than the others we 
have mentioned. They likewife weigh varioufly at different Seafons of 
yr rege err eigen aa tesbe heaves it oS and the 


eee Me the lighter. . 
P Oils 
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~ Oils are tighter than either Water or Wine, as appears by their Proper- 
ty of fwimming on the Surface of thofe rwo Liquids, though never fo 
much incorporated and mixed with them:: but the -different Specifick 
Gravities of Oi] and Or/ are ftill more remarkable, for O:/ of Okves, 
Almonds, Wallnuts; Linfeed, Turnips, and all that are made by a Prefs 
or any Engine of that nature, are much heavier than Oz/s extracted by° 
Alembichks, Stills, ae and fuch like | -Chymical Veffels that are 
more artificial. 

“In hort, all diftilled Waters, Spiries ard Effences, prepared sted the 
fame manner ‘with Oi/, weigh lefs than fach Oil, let them be what 
they will; and thele likewife differ very much in Weight from one ano- 
ther. © ¥ ffiall not ‘here enumerate an infinite Number of other. Liquids, 
whofe Specifick-Gravities you may at-your Leifure examine. This Re- 
fearch I fhrall leave to thofe, who have more Time to devote to their 
Curiofity; as for me, I have bur little enough left, to treat on  Subjedts 
which are much more ufeful and n 

All forts of Grain (as I have already faid) vary infinitely with cogerd 
to Weight when of one and the fame-Kind, and from one another when 
of different Species; fo that it is difficult to afcertain any thing, as to 
the mutual Ratio they bear to one another. However, I fhall infert 
what I have -difeovered by Experiments. I fay then, that Wheat is hea 
vier than Rye, Rye than Barley, and Barley than Oats; though their 
feveral Grains frequently vary as to Size and Weight. Now many 
Caufes may be affigned for this Variety, whereof the Richnefs and Fertility 
of Soil is none of the leaft; for it is highly probable that fat Ground 
contributes greatly to a fine Crop; becaufe of its natural Moifture, 
which is better able to: nourith its Fruit, than a dry hungry Piece of 
Ground, that has not wherewithal to cherifh what it was aenally 
fcarce able to bring forth. 

The Second-Caufe to which it may be attributed, is the various 
Climates and Régions, and the different Situation of Fields and Grounds 
in the feveral “parts of ‘the: Earth : oo Ai aes it Georg. lib. 4. 


Hic fegetes, tilic veniunt felicius ue: | 
Arbores fetus akty, atgue injufa virefcunt 


Graminx: me 


In Bagh thus, 
: ‘This ee wich Bacchus, that with Ceres faits 
The other loads the Trees with: happy Fruit. 
“A fourth with Grafs unbidden decks the Ground. 
| a 7 * Dryden. 


And truly this matter deferves our Confideration, inafmuch as we 


are affurd by Merchants, who are the moft experienced in this 
Branch 


ry 
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Branch of Trade,’ that the Amferdam Mudde of Polith Wheat, or of 
any of its circumadjacent Provinces, weighs 150 1b; that the fame 
Meafure of FrenchWheat weighs 180° 1b; of Sardinian, 220 th; of Si- 
cilian, 224.16; of Beotian, 230 1b; and of African Wheat, 236 tb; 
Hear now what Vitruvius fays upon this Subject, Lib. Vili and 
Cap. III. 
The Variety of the Fruits of the Earth, fuch as the Canes and Reeds 
of Syria and Arabia, and the feveral forts of Odoriferous Herbs, anid Aro- 
matic Trees, bcc. all of fo different a' Nature ; is owing to the Variety of 


Climates: and: Regions. This Diverfity of Climates does not only ine 


fucnce't the Vi qgetable World, but affects likewife the Animal World in as va- 
rious “a manner; “and proceeds from the Inclination, or Parallelifm 
of the Earth, and the Confequents of its Oblique Situation, (viz.) the 
different Degrees or ‘Portions of Heat diftributed to the feveral | 

of the Earth, which are a. ‘thet means s endued with particular Pro- 
perties. 

Again; the diffeience beieees Grain is owing to the Variety of 
Seafons; for continual Rains, and thick clofe Weather, will naturally 
make: Corn poor’ and light; ic being in fuch café impofible for it 
to.afrive at compleat Maturity, for want of that genial Waren; which 
is neceffary to effet it, 

‘Ithas not “beén without fome fecret Myftery, chat the Husband- 
man fias carefully - obferved the proper times for Sowing ‘his Ground ; 
he knows’ what Seed to fow when the Moon is in the. Encreafe; what 
in her Wane; what to fow -when her Horns. are tharp-point- 
ed; and whar;: -when ‘the fhines out with her full and. borrowed Lu- 
fire. They are ‘well acquainted with the different Situations of the 
Heavenly Bodies; ‘their Rifing and Setting snd with every thing elf, 
that may prove hurtful to the | farvett, and ruin their Hopes, at the 
very Inftant they commit’ them to the-Bofom of all-bearing Mother 


Earth. “Ping very: Pen Maia a see sland the Book 
oe A eal 


Ee Ante tibi Eoe Mlantides abjcondantur, 
 Gnofiaque ardentis decedat fella Corea ; 
- Debita quam falcis committas Semina,. quamque— 
 « Iavite properes anni fpem credere terra. 
Multi ante occafum Maia capere: fed illes 
ey enees feges wanis spaced anf | 
In Engl fp. thus,” é s 
"(But if your Care to Wheat alone extend, | 
_. Let Maja with her Sifters:firlt defcend, ae, * : 
_ And the beighe mead pin downward bend: 


go Before 
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. Before you truft in Earth your furure Hope; ~ 
Or elfe expect a liftlefs, lazy. Crop. _ 
Some Swains have fown. before, but. moft have found 
A husky Harveft:from the grudging Ground, 
ae a os Dryden, 


_ From all this we may conclude, that it is impoflible to afcertain ex- 
aftly the different Specifick Gravity of Grain and Seed. I could fay 
much more. to prove the Incertitude of. this Matter, bur. thall forbear 
{peaking any farther concerning it. I fhall only here infert the Tefti- 
mony of Merjfennxs, to confirm the Truth of what I. have here faid. 
Speaking ‘ofthis. Subje@ in the Preface of his Book of Meafures, 
Weights, &c. he-tells us, “ That having weighed all the Sorts-of Grain 
“ and Seed ufually fold in Paris, he could hardly find two Grains of 
“ fame Specie, that exactly anfwered to one another, which rendering 
* his Attempt uncertain, he gave it over; and that befides their being 

“ naturally different from one another in Size and Weight, they are fub- 
* ject co fuich: Alterations by accidental. Moifture and. Drynefs, and by 
“ the Evaporation of their-finer Particles, that it is impoffible to afcer- 
“* tin the Specifick. -Gravities of Grain or Seeds; and that this Incer- 
“ titude extends in fome degree to all natural Bodies. 

Secondly, In order to reduce Liguid Meafures to the Weights which 
are in prefent ufe, we will,.in. the Sequel of our Difcourfe, fuppofe, 
that the Remax Menjural Pound was equal wo 10 Uncie of the Ponderal 
Pound, or that they: were to one another as 10 to 12 the Ponderal Pound, 
(as we have-already: faid): containing 12 Uncie or Ounces, and each 
Ounce 612-Reman Grains, and confequently the whole Pound mutt be 
9344. Grains. By reducing this Pound to the other of 16 Ounces (as has 
been done by feveral modern Pyrotechaicians) we mean that the Ounce 
of this, or 4, of it, thauld-contain 576.Graizs; but thefe Grains will 
not be of equal Weight with the Roman Grains, theirs being lighter than 
ours; fo that 612 Grains of the Roman Ounce are equal to but 536 
- Grains of our Ounce; and thus our Pound weighing 9216 Grains, is 
heavier than the Roman Pound hy 2784 of its own Grains; confequent- 
ly the Roman Ponderal Pound weighed 6432 of our Grains, which we 
have faid from Merfenaus in his Co-equation of the French and Roman 
Pound. As tothe modern Roman Grains, we here fuppofe them to be 
equal to the Ancient (chough we-are not affured of that) and we have 
likewife reduced the Ounce of our Pound to an Equality with the French 
Ounce, becaufe its Grains agree nearly with the Weight of pick’d Bar- 
ley-corns; according to the old Example and Practice of the Greeks and 
Romans, as well as of the Hebrews, who firft made ufe of them. 

‘Thirdly, When in {peaking of the Meafures, we fhall fay that fuch a 
Meafire weighs fo many Pounds.or Quaces; whether they belong to the 
mann where the Mea/ure is ufed, or to any City or Country in Ex- 

rope 
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rope that may be ‘mentioned,-thofe Pounds or Ounces may be eafily re- 
duced to what Weights you will ; provided you have recourfe to the Me« 
thod obferved in the general Circular Table th ‘the Ufe of which I have al- 
ready taught you; or if you:keep in.Mind the mutual Proportions of — 
i uae we, i irae aise of this 
Book, 


The Liga end Dry Meofures of abe Ancient Romans. 


“DOLEUM: Was @. kind of Jar,. or Earthen Vetil, which the me 
cients fank. inte the G keep Wines it contained. 1 5 Culeis, that 
6, 2400 Th Menfural,, sad, 2000 Ib Panderal of Rome; but of ane Weighe 
1395 1, 13 Ous.2Dr.and2 Den 

- CULEUS: -was.a Leathern Veiiel, which held 20 Amphore of Li 
quids;-which.is 3600.35 Menferal,- (witnels Fannius and Columella,) and 
saga Hs 4 Ce ewe Weis and of ours 930 Ib, 1 Oun. 1 Dr. and 
8 Gr. 


MED 'S ‘was a Diy. Meafure, which held 6 Mods or 2 Am- 
plore ;. that.is, 160 tb Menfural,..or 13316, and 4 Our. Roman Weight, 
— 7-Dr.and. 8 Grains of our Weight. Ic held 144 15 of 
t, Reman Meafire; and. Colnmella-telis.vs, they had another Dry 
Leafure. mongft. them, which held 10 Modi, from whetice ‘it was 
called: DECIMODIUM. . | 
1 had. moreover. ‘athitd Dry Meafire, more capacious ‘than the 
eyo former, which they called . TRIMEDIMN UM, becaufe it held 
hice Medimai, or -18.Madii, or 6 Ampbore, oc 480 1b Menfiral, of 
40a ib Ponderal-of Ranie, 96-279 15, 2 Oue 5 Dr. and r Den. one 


Weight. ae 
AYDRIA ie a great Pitcher. $9 carr Water, and’ held 1 An 


phere, acce ta. uf upon Genefis; chat is, 126 Ib Menfural, 
oF : 100 tb. Pesderal,, 056918, 1200s. 5 Dr. -& Den. ‘Of our Weight. 
~~ &DUS, at: athe: fame rion 


J ns with the Hydria, according: 
ony Ff. Feri and held 108 Ib. of ‘Wheat. This (he 


“AMPHORA, “ QUADRANTAL, (wine Cate, Fannius, 
Cobnclie, Lok cb Meiers - and fe 


72. ib. Reman at ‘Penderal; bot as Authors con- 
al, therefore as 72 tb Menfural are ‘equal but to 
ob Ponderal, it can be equal to but 41 1b, 14 Ounces of Paris; which 


Q we 
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we defigning to miake ufe of in this Chapter, you muft take particular 

Notice of it in the Sequel of our: Co-equations. Perhaps (which I do 
hot remember to have read) the Romans had two forts of the Pound to 
weigh and meafure Liguids only, and another for the ufe of Dry things 
only (viz.) the Ponderal Pourid. The Veftel of a Roman Cubic Foot, 
which is faid co have held 80 ib Menfural of Water, was equal to the 
Ampbora. Diofcorides however will have it, that the Ampbora held but 
5216 of Vinegar “and 86 Ib of Wine. -Galer,. on the contrary, Lays, 

that the Amphora held 72 tb of Oil, 80 Ib of Wine, and 108, ib of 
Honey. | Merfernus affutes us, that he found (upon making the Experi- 
ment) that the Roman Cubie Foot, fuch as the Congialis of Villalpandus, 

weighed 74 1b of Paris Weight; but there. are thofe ‘who differ from 
him upon this Article. 

~The fame Author lays it. down for a certainty, and will have it (by: 
the Obfervatiens of Gaffendus) that the Roman Ampbora held 55 tb and 
14 Oun. of Water of Parifian Weight; fince the Congius, which is 3 of 
the Ampbora, holds (according to him) 7 Ib minus { of an Ounce’ of 
Water; from whence we may plainly difcover that thefe 80 tb Reman, 
which formerly filled thé Roman Amphora, were of the Ponderal kind. 
But we fhall leave this to the Difcuffion ‘of thofe who have more time 
to {pare than we have, and fhall now Proceed with our Meaferes in the 
Order we began. © 

The URNA or URN was (according to Cato) a Liquid Meafure 
of half the Capacity. of the Amphora; bot it was fometimes ufed to 
meafure Dry things, and, according to what Villelpendus fays, it held 

1 } Modius, or 4 Congii, or 40 1b Menfural, or 33 1b, 4 Oun. Ponderal, 
and of our Weight 23-T, 3 Ouw. 1 Dr..2 Den. and8 Gr. 

The MINA was equal to the Urna. 

‘The MODUS, if we may believe Fannias, was properly a Dry 
Mesfure, of ; of the Medimmnus, and § of the Ampbhora ; this held exactly 
241 Roman of Wheat. Now as to Liguids, (here we are chiefly to 
fuppofe Wine and Water,. which agree the-neareft in Weight) it is cer- 
tain that the Romans ufed but one Meafure for them, which (as we have 
already faid) they. called the Menfural Pound; as a Liquid Meafure, it 
held 26 tb, 8 Ouz. Menfural, or 22 If, 2Oun. § Dr. 1 Den. and : Gr, 
Ponderal, and of our Weight 15 tb, 7 Oun. 3 Dr. 2 Den. and 13° Gr. 

The CONGIUS, which was * of the Amphora, held 6 Sextarii, 
or 101b Menfural, or 8 ib, 4 Oun. Ponderal, and of our Weight 5 1b, 12 
Oun. 6.Dr. 1 Den. and 8 Gr. 

The SEXTARIUS held 2 Hemina, or 1 IS Menfural, and a Beffs 
of 8 Ounces, which made 20 in all; or rib, 4 Oun. 5 Dr. and rDen. 
Ponderal; cand of our Weight 15 Oun, 3 Dr. 2 Den, ands Gr. The 
Roman: bad anothes Sextarins, Which was called Sextarius Ruficus, and 
was double of this 


The 
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The HEMINA, which was.alfo called COTYLA, was a certain 
Meafure which held 2 Qyartarti,or 10 Qun.Menfural, or 8 Oun. 2 Dr. 2 
Den, and § Gr. Ponderal, and of our Weight 7 Oun. 5 Dr. 2 Den. and 
1446r 0 | 
The QUART ARI US held 2 Acetabula, or 5 Oun, Menfural, or 
4 Oun. 1 Dr. 1 Den. and ¢ Gr. Ponderal, or 3 Oun. 6 Dr. 2 Den. and 
19 Gr. of our Weight. 

“The ACE TFABULUM was a kind of fmall Cup or Sawcer, and 
held 1°} Cyathus, ‘or 2 Oun. 4 Dr. Menfiral, or 2.Oun. 2 Den, and $ 
Gr. Ponderal. ‘and of out Weight  C Oun. 9 Dr. i Den. and 9; Gr. 

CYATHUS was a {mall Mesfure in the form of the Acetabulum, 
and held 4 Coclearii or Spoonful; that is, 1 Oun. 5 Dr. and Den. 
Menferal, or 1 Oun: 3 Dr, and 8 Gr. Ponderal, or 1 Oun, 2. Dr. and 
23°3 Gr. of our Weight. - 

COCLEARIUM or SPOON was the of the Gpatns, ‘and was 
equal'to 3 Dr. and ‘Den, Menfural, or 2 Dr. 2 Den. and 8 $ Gr. Pon- 
deral;” “anad in thore'2: Dr. T | Den. and 174 Gr, of our Weight 


| Lined and Dry. Meafures of the Antient Grecians. 


The METRETA or METRETES of Attica held 3 Roman 
Orns 5 therefore i is was equal t to ‘the Romaa Pitcher or Cadus. 

“Tie ATRABA | was 8.34 + : Roman Madii,, according t to Cato and Co- 
iumeila. ; 


_. The: LACOMICK METRETA was a. litde lefa than the Ro- 


“The AT TICK AMPHORA‘ was ‘equal, to the Metreta, ace 
cord to Fannius and Vi Halpandus. 

The AMP HOREUS was but bale of the Metreta, according ta 
Agricola and Villalpendus.. poe wee 

The CHUS or ‘CHOAS. was equal to the Roman Congius. 

3: The COTYL A, which was alfo called TRIBLIUM, was equal 
to. the Roman Hemina. 

TheOXYBAPHUM was ‘equal. to the Roman Acetabulum, 

“The MYS TRUM was of two forts, the grea being. $a of the 
Cotyla,, and the ‘Lefer. ‘but & of the » faire. 

‘The CHE ME or ‘CHEMA. was equal to the Reman Cele 
or Spoon. 

~ Obférve here thar it will be very aly to ‘reduce thefe Meafures to the 
antiene 'Menfiral and. Ponderal Pounds, as well.as to ours; . they being in- 

fe sie in. uaicnal Or. ign ose Lie ond 


Liquid 
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Liguid ond Dry Meafurs of 1 the Aniiens Hebrews. 


CHORUS, CHONER, or HOMER (as we have it in our 
Englifb Tranflation) held 2 Lethecs; it was.equal to 2 of the Roman Cu- 
leus, ot 4.5 Modii;. this was. indi y_ufed.in meafuring both Liguid 
and Dry Things. I thall not give myfelf the trouble of reducing thefe 
Meares ss ed ones for any body. may do it as well as:1, who does 

ehend what bas already: been faid. . This Meafure is mentioned 
vopher Ezekiel, and in the 3d Book of Kings Chap. v..Ver- 2: 
and the 2d # Sook of Chranicles, Chap. xxvii. Ver. 5.. and- in-Sc. Luke, 
Chap, ri Ver 7. ““Sorae are of Opinion that this was the Load of a 


_LETHEC, the} ‘ of the Chorus, held ds 5 Rati Babes. which were 


¥ Ati ete Bas, ‘was two Hins; it 
‘was equal. to ‘14 Modiug, or 24 Sextarii of Romen Megfure, accordi 
pidus, But Alcanzer will have it to have’ been. equal to the 
Modius, by. which he doubrles means ‘the Aetick Modius, ‘that. being 

1 § of the Roman. ‘This Meafiere is Seabee Ver. 6 
and in St. Matthew +, Ver. 15, 

~ HIN- was the! “of the Seat! ‘and hel 4 Cabs; i it ‘was equal to i2 
Sextarii or 2 Congii of Rime; it is Spoken of | in Exodus xxix. Ver..40. 
and in Fixébsefiv. Ver. tr, 0 

OMER, + of the Epha, was equal to 73 3 Roman 1 Sextarii; Something 
is faid of ft in Exodus xvi. Ver. 37. 

CAB, the} of the Hin, was 4 Legs, and was exadlly equal t0 4 Sex- 
tari; we find ‘dhis Mea i) re Spoken of fn the 2d. Book of Kings, Chap. 
vi Ver.25.~ a 

The LQG, Sof the Cab, held 6 Fegftell, and was eqiial to a Re 
mon Sextarius, * etme fay ts Theda bel» gir ca this, 
and that it was the fame which Epiphanis calls Aporr, As 

The EGG-SHELL, $ of the Log, ‘and as of che 
to have held'2' Oun. “6 Dri and ¥ Den. Cree 

We have faid enough of the Ancient Meafures; proceed we now, to 
thofe which older tenet ‘and conféquently more familiar to us. 

But I mutt pr eniife thac T do not here tindertake a detail of the Mea- 


ones 


Sells ws Reape Wn ws he ene Therefore I thall only 
remark fuch as: are current in the moft famous and beit known Ciries 
and Provinces in the World. I thall be obliged to call them by the 

4 Names 
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Names they bear in their refpective Countries; and to conclude, I thal 
reduce them to thé Weights, -as I bave already sane with regard to thof¢ 
of the Ancients.” 


Spanifh Liquid Masfure 


The BOTA | or BUTT holds 30 Robas, each Roba. origin 30 Tb, 
it-anforers-to: 360: Antwerp Stopes; but the Roda is only ¢:Stopes}. ‘The 
Antwerp Stope-weig, ghs 6 Ib, Pc eee ee ee ae 
of. 


| ‘The PIPA or PIPE weighs 30 Robas of 28 tb each. 
' The ROBA is 8 Sonmme?s.. 
| The SOMMER. is 4 Qyertills, each of which vege : of the 


The Sea have another kind of Pipe, ‘of different Capacity fro 
the abovementioned, with: which they commonly meafure Oi/ of OXves, 
it contains 40 veneer but thote Robes are lighter’ then- the oe as we 
have oe Said 


the CAHLI holds 8 Beaton regen be ES 
/ Fhe HENNEGA is 18 Almedas.- A 5 
VMUD A weighs: 7 ib: ‘9. Onn. rg dg. eine 
rdam Weight, and the Almada is exaGtly ‘ytx of the -Anflerdamn 
x spare a ne bal ieudicamniarss arueli satel 


othe ALMUDA © containa 12 Salas 

Whe CANADA \~. -'-:4. Qyartas.. 7 

. Fhe QUARTA. is equal to. the Qyartille of Spein, which weal 
1 tb of Aurwerp; ‘coniiepssatiyisiemhals Abend series 48 th of iat 


werp. 
| age nn OF CANTAR is 2 of the Almuda, and. holds 


. p Stopes, oF 24 ib dit omnis 


cis 


The. esc 13} Contre, 
. “The STARGe' Léguid Menfure. ufed in Agar, weighing soit, 
. 5% ang es td 26 Be DR Sa = 


62 as ee aaa | 


Dry Meafure of the fame Nation. 


The MOI holds 15 Fangas. 

The FANGA  --- 4 Alquiers. - 

The ALQUIER --- 2 Mees, which are > half Meafures, 

The MEJO eos 2 Qyartas, 

Obferve here, thee 225 Alquiers are equal to a Laf of Ampierdose, 
and confequently that: the Alguier weighs 38 Ib; 10 Oun. 13 Ang. and 


io Gr. 


--French Liquid Meafure. 


The MUID, QUARTAL, or CASQUE of Paris, holds 4 
Filets, Barriques, or Barrels: : | 


The FILET - - holds 18 Sefieres. 

The POT or QUART - =-+ 2 Pintes. — 

The PINTE =-- 2 Chopines or Heminen — 
The CHOPINE --- 2 Demi-Seftiers, 


The DEMELSESTIER ---- 2,Poffens. 

From all this ic follows, that the Muid of Paris contains 288 Pintes; 
and this it does, by an Order of Lewis XIII. But, in purfuance to the 
Orders of Henry the Great, ic ought-to:contain 300 Pixtes... Now it 
will be very eafy to equalize thefe two; by taking away 32 Piafes, which 

ought tobe allowed: for the Lees.of Wine.” Hence you -may. readily 
know the Weight of « Tare of: Wine. For, as by the Obfervations of 
Merfennus, it appears that the Pinte weighs 2 tb, it will follow thar the 
Tunn or Muid, which contains 288. of thofe Pintes, will weigh 576 tb. 
But if we admit of the Lees, it will weigh 600 Ib-over and above the 
Weight of the Veffel itfelf, which is not to be reckoned. Merfennus has 
defcribed the Form and Sixe of the Maéd sfter this manner in Prop. IV. 
of his Book of Meafires,' &c. “ Tt has the refemblance of a Cylinder, 
“or rather of a double Cylinder truncated, with equal Bafes, from 
“ whence this Vefiel i is more ca pacious‘or broader in the. Middle ‘than 
« towards: the Ends; ‘its Length (fays he) or interiour Height, is 2 
“ Feet and 10 Inches, and-in the: Middle it is 2 4 Feet, and towards 

“ the Bottom or Bafes 2 Feet only. — 

The Ca/gue or Muéd of Paris holds'78 Stopes of Antwerp, and fome- 
times. 77, that is, 412 Pints, or 308: It weighs 468 or 462 Ib of 
Antwerp; fince (as we have already faid) the Stope weighs 6 ib, the 
Pint which is 2 of it ought to weigh 1416; and from this we may.eafily 
determine the Pr portion between the Parifian and Antwerpian Pound, 

They have another Liguid Meafure ia‘ Fronce, which the French call 
a PIPE; this holds 2 Muids of Paris, and confequently weighs 
1200 Ib. 


4 Dy 
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Dry Meofure of the fame Nation, 


The MUID, or GREAT MUID holds 2 Tonneaux or Tuns, ot 
iz Sefiers. ~~ 

The TONNEAU i is $ the Muid or 6 Seftiers. | 

“The S9ESTIER ‘is xf of the Muid, and 4 of the Tonneau, and is di- 
vided into 2: Mines, 

“The MINE is 2 Minots. 

“The MINOT: contains 2 other fall Meafures cornmonly ¢ called 
Boiffeaux or Bufbels,- 

The BOISSEAU or BUSHEL, according to Merfennus, holds 16 tb 
of Wheat, when it is heaped up without fhaking or {queezing it down. 
‘The Hep, (or whar is above € Rim of the Meafure) according to the 
fame Author, weighs 3 ¢ ‘tb; ‘thus when the Boifeai/is ftriked there will 
remain 12% 2 6 in it. “Suppole now that the Muid contains 96 Boifzau, 

ur cual ity ‘conclude that fuch a Muid fall of Wheat would weigh 


‘The fame ‘Merfonnus affates us he found by Experiment, that there 
are 860 Grains of Wheat. in the Ounce of a Pound, taking them pro- 
mifcaoufly from ‘ ‘any ‘Heap of Parcel without picking or choofing ; con- 

quently the Piund will contain 13760 of thofe Grains, and the Bai/- 
Jean when heaped up 220 160 Grains, but if ftriked but 172600 only, — 

“Phe ‘Boifeasw ot Bu/bel, : ‘according to the Orders of Lewis the XIII. 
EB ¥. TH 16. ¢ piight to convaiit 18°Tb,° 6 Ounces, and 8 Scruples of 


he ‘fant Place the Breat Muid i is 3 ordered: to weigh 
sto Be ae 

Foey bi have a waa of : Dry Meafure’ at ‘Roan, which they there call 
POINSON, and which holds 13 Bolfeaux. 

In Brittany they have another, which they call a LOAD, it contains 
4 Baifecix, ‘andro of thofe Loads tmake «Pipe, which is 600 tb of Am- 
oe 7 te or 7. Loads anfwering exactly to the Amfertam Laft 
of Rye 


-ealian Liquid Meafre 


BRENTA or AMPHORAi is properly a Liquid Meafure, ufed by 
the Romaas at this: Day3" it contains 96. Boccales, ‘and is divided into 13 4 
Robas ot. Stones cach of. which: 1o tb, but thefe Pounds are. of 30 
$ ‘each “The Brenig is ‘equal «0 42 Stopes of Antwerp, by which 
wiéatis it mit t weigh aget 1B. 

‘BOCCALE contains 2 Mezzoboccale. © 

“ BARILE, BARIL or CASK is a Senn Liquid Meafure, which 
holds 20 Frahian Bottles whic! they call Fiajéo or Flasks; 18 Stopes of 
ra make a Baril which weight 108 1b of Antwerp. As - a 

Safco 
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Fiafco or Flask, it weighs 5 tb, 6 Ounces, and 3 iti. or thereabouts, 
Item, 3 Barils make a Staar. 

ST AAR isa Meafure containing 54 Stopes of Antsverp and therefore 
muft weigh 324 Ib. 

MOSTACHIO, or MOSTACIO i is a Candian Meafure which 
holds 3 Stopes and + of Aatwerp,. and weighs 22 } Ib. 

BOT TEL is another ‘Meafre which halds 34, 35, and fometimes 38 
Moftachios. 

BOTTA isa Venetian Meafure of 38 Moftachies, which they alfo call 
Zechi, and in fome Places Cantari; 76 Mafachios make a Brenta or Ass- 
phora. 

BIGONCIO or CONGIUS, is in the. fame Place a Meafire of 4 
Qyarters. You mutt have 18 Stopes of Antwerp to fill a Qyarter ; it 
weighs 108 16, and-is equal to the Roman Barile, The Bigoncio i is. equal 
to 72 Stopes of Antwerp, and weighs 432 Yb. - 

SECCHIO, which the Latins called Hydria, ists Stopes of Ant- 
werp. This isa Meafure particularly ufed by Merchants who. carry on, 
an Inland Trade but the preceding Mceafure is in requeft among fuch 
as are concerned in m. Shipping. and who cultivate a Tranfmarine Com- 
merce. 

AMPH ORA, in n the Tame Country, i is an Oil Meafures i it is 4 Bigon- 
cies or Congii, each of them being 4 Qyarters. This Meafure is equal ta. 
2 Bottas, each Botta 38 Moftacios. . | 

“MIGLIARIO i is a Meafure mich in Vogue throughout all Italy. 
At Venice it weighs 1210 Ib... At Veroas 1738 16, and is equal to 8. 
Brentas, and 31 Bafes: &s for the Brenta.it is divided into 16 Bafés. 
At Pavia the Miglario weighs 1185 Tt, ‘which are equal to 831 §% 1b. 
of Antwerp. At Vincenza itis as at Venice. At Tervifa 1117 tb, 

Befides thefe Liquid Meafures, Ihave been fpeaking « of, they have ftil 
others, (viz). - 

The MASTELLO, CARA, CONsI, 10 of which make a Cara 
of Tervi : 

The SALM i isa | Meafure ufed in Pugha i Calabria; it makes rt 
Staars, each Staar 32 Pignateles or Ollules. This Salm is equal to the 
French Filet, or to the half Qyartal of France. I anfwers to 39 Stopes 
of Antwerp, and commonly weighs 234 TB 


Dry Meafure of the fame Nation. 


_QUADRANTAL is 3 Roman Modii, the Modius 8 Hemina, the 
Hemina ‘2 Sextarit. “This Qyadrantal weighs §2 tb, and 8 Ounces, of 
Anferdam Weight ; 80 Qyadrantals making an Amferdam Lo. - 

STAR is a Sea or Neval Meajure amongft the Venetians, and 
131 iL and$; 32 Stars exadtly anfwering to. the dmferdam Laf of Rees 
but 14 of them confticute a Left of Barley. 


Again ; 


a 


Of the.Great “rt of ARTILLERY. 65 
Again; the AMSTERDAM:LAST is equal to 80 Stars of Man- 
tua ; t0 32 of Medina y: to 96-0f Pavia; *0.312.0f Flérence; to 102 of 
Vincenza3 t0'32 of Zarensa; to 48 of Ravenna; and to 29 of Tervifa 
MOSA or MODIUS i 2 Venetian Meafure, 7% of which are e 
quil t6 an Amperiéns Loft. In-fome other Places it is divided into 14 
Pept; each ' of: ‘which: weighs 10°16, - each. Pound “containing 30 
Ounces; in other Placer it ea tgaa lees oe ‘oF into: a: Se- 
fod: cone a 
“EORBA,- sities the Bealls, is: “wha the Latins Formerly called 
Corbis: or Corphistus, ‘and in Engh/b may be called a Basket. This ‘is a 
Dri Mesfure: Bx Belogha At we equal: tothe Vemetian Star, 32 ‘of 
thefe Corbas being equal to a Left of . 
Secimpoctsiapetee nie abe lone hele in m Sicily, “contains 6 Medi and 


orate divide: the Modius into: 16-Gabens, Sefer: 
Stucfarii 5 2 Medi shake aPontick in-chat Country, * 

MINA oc — Fab hee brace gir ‘ahd Veron s 23% 
of thele-Meafied 0 ska Gi Colne’ but at Ve- 


‘a nD Mary 6 of: chef conte 


Rak Sele eer ‘containing 
36:Femanes, but of Barley: it holds 48 ofthe fame above mentioned. 
Tin ee wtih oe a rama 3? com of 


“RHUTHE holds 04 Fader, : : 
FUDER,. in -Latin Vebes, is: 6 Aapiore, which are . eoaamnonly 
cabbed descr, ag all. thes following Places of Jo : 


Ayance, -2 ; vee ane «ahd ‘all: over Asfiria; decay of 
Maiteets« Cae Acca ee Be. di 
burg, 8 Fe or Ames make a Culeus. 

= 3 ‘OHM 
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OHM or AME, which the Latins called Amphora, holds 20 
Quarts, or 80 Meafures, which, in the Language of the Country, are 
called Maffen; or 2 Urns, which they call Ezmer. Thofe who have 
been at Cologne, Worms, Letpfick, Francfort upon the Main, Ulm, Op- 
penkeim, Mayance, Noremberg, Wirtzburgh, or Vienna in Muffria, may 
know this. But at Heidelberg, and at Spires; they divide the Ame into 
12 Quarts, and the Quart into 4 Meafures or Kans. Moreover, at Fal- 
kenbeim and Durcheim they divide the Ame into 15 Quarts, of 4 Kans 
each. Then at Wirtemberg they reckon 16 Innes in the Ame, each of 
which is 10 Kans. In Augsburgh 2 Modii or 12 Befontz make an Ame: 
To conclude; in fome other Places they reckon 60, 64, and 72 Kans in 
the Ohm or Ame. 

EIMER, by the Latins Urna, at Noremberg, Wirtzburgh, and ge- 
nerally throughout all Franconia, is divided into 64 Kans; at Vienna in 
Auftria into 32 Odtaves, or 128 Seiltem; at Sabone and Brixem 144. 
Kans make an Urn or Eimer, and but 8 only conftitute a Parcede. 

The EIMER or URN in Mifma, and generally throughout all 
High Germany, weighs 36 ib: But at Lezpfck it is 40 1b; and is divided 
into 3 Stubecken; and again into 4 Cantres or Kans, or (as they like- 
wife have it) Maafs; and each of thefe Kans are 2 Nofels or Quarts. 
The Noffel is 2 Pints or Hemine, which they call Halb Karter, and the 
Halb Karter is 2 {mall Meafures, which they call Ma/slein. 

MAAS or KAN, as it is called by the High and Low Dutch, and 
by the Latins Cantharus or Congius, is almoft of the fame Bignefs in all 
the Towns in High Germany. We have already faid enough of the Sub- 
divifions of thefe Meafures; let us now examine their Weight. In Ger- 
many the Pound is of two forts, the Menfural and Ponderal, as we have 
already obferved; fo that at Leipfick 23 Menfural Ounces make but 26 £ 
Ponderal Ounces; but every where elfe in Mifnia 24 Menfural Ounces are 
equal to 20 Ounces Ponderal ; that is, they are to one another as 12 to 
10, or as 6 to s, after the manner of the Antient Romans. This being 
laid down, the Ohms or Ames of Worms, Francfort, Ulm, Oppenheim, 
Cologne, Wirtembergh, Mayance, Heidelberg, Spires, Strasburg, Falken- 
heim, and Durcheim, containing 82 Congii or Kans, will be equal to the 
Antwerpian Ame, of 50 Stopes, which (each Stope being 6 Ib) weighs 
300 Ib, and confequently the German Pot or Kan muft weigh 3 fb, 12 
Oun. of Antwerp. By this means we may readily come at the Weight of 
the Eimer or Urn, as well as at that of the Fader, Rbuth, and {maller 
Meatures, &c. 

Again; 128 Kans of Noremberg, Wirtzburgh, Franconia, Vienna, and 
Augsburgh, weigh 300 tb of Antwerp, and each of them apart weighs 
2 ib, ¢ Oun. and 4 of the fame. 

The BEER TUNN of Lubeck is equal to the Ame of Antwerp, 
50 Stopes of Antwerp exadtly filling a Lubeck Tunn, 


Dry 
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Dry Meafure of the fame Peopke. 


- The LAST, as the Germans call it, or a3 the Latins have it (from 
the Greek) Achane, is properly the Lading of a Veffel or Ship. 
At Hamburgh it is 3 Wi/pel, cach of which contains 30 Modi, or 
Scheffel, as they call them: Now the Scheffel weighs 52 ib, 9 Ounces, 
12 Ang. and 22°Gr. or thereabouts of Amferdam; and: therefore a 
Laft of 3 Wijfpel, or go Scheffel Bee, will weigh 4734. 1b, 3 Ouw, 
1 Ang. and 28-Gr... 

Obferve here that this Wifpel i is equal to 6 Antwerpian Ames. 

83 Scheffel. of Hamburgh are equal to an Amferdam Loft. ht Rofo 
and Lubeck, 96 Scheffel make their own Laf; but 85 of them are equi- 
valent to the Loft of Amflerdam. At Stetin in. Pomerania 72° Modti or 
Scheffel confticute their own » Bhs: £ of: which, is equal to. that of Am- 
ferdam. 

“SCHIFFPFUN DT is a Sea Méafure sipch uled by thofe who 
border upan the German Ocean; and Baltick Sea, t is properly a cer- 
tain part of the Laf; which comes near to the Medimmnus of the Ro- 
mans; or to the great Adedrus, or rather to the. Trimedimnum which we 
have fpoken of already. This is equal to the French Load, or the Spa- 
nifb-Carge,; or the Italian Carce ov Carico... With. this they not only 
meafure all forts of Grain, but-alfo feveral other Species of Goods. . At 
Haemburgh it is divided into 20 Lippfunds, and weighs 300-16. At Lu- 
beck, Copenbagen, and Stockbolm, 20 Lifpfundt make a Schifpfundt, 
which weighs 320 1b. But T hall forbear {peaking here of the Weight 
and Capacity of this Meafure, (it being 20 be explain’d. bepefier)- ina 
vaft- numberof. other Places-where it isin ufe, 

LISPFUNDT is anAliquot Part of che Schifofunde, as may be feen 
above, and may properly be called:a- Sea Meafere. At-Hamburgh it 
weighs 15 Tb;°av Lubeck 16 Marks, and at Stralfund 16 tb. 

“MALTER or MOLDER does not differ very much from the 
Scbifpfunde 1 in ‘Weight and-Capacity. It isa kind of Land Medimnus, 
which is uféd among the Merchants of certain Towns in High Germany. 
For- Example; in Mifuia it holds 16 Modis, each of which weigh 20 Ib; 
therefore the Malter weighs 320 ib in that Place.. At Vienna and. all 
over Aufiria it is compofed of 32 Modii which they call. Atche/, or 64 
Halb Aschels or Spinten;.. Suppofe now that. this Modius weighs 21 Ib 
and-14 Oun. of Amfterdam, the Malter will weigh 600 1b, and confe- 
quently 6 of ‘them: would be equal to'a Laf of Amferdam. At Cologn 

‘the Rhine 18 ‘Medimni, oc Malters, are equal to the fame, fuppo- 
fing each of them to weigh 233 ‘Ib, 5 Oun. 6 dng. and 2§ Gr. 


Liquid 
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Liquid Meofure of the Low Countries. 


ROEDE: isa Meafure which anfwers to: the half Culeusot the Restans. 
At Dort it is t0 Ames; 
The oe is 10 Scbrewes; and has fome Affinity with, the Romax 


"The SCHREWE i 4s 10 Stopets ‘this Afeafiere does not vary much 
from the Roman Urn. — 

The STOPE agrees seaity with the Congius of the Romans, and holds 
a “Kannes ot Poti; which in fome Places are called Mengel.- 

< ‘The LANNE; POT, ‘or: MENGEL, does not greatly difer fom 
the Roman Sextarius, and Wolds 2 Pints. © 

The PINTA of PINT may be properly called Hemina i in Latin, 
it being half of che ‘Kawne'or Sexterius, 

Then ro Ames ‘of Dorf are 14 $ of thot of Laieeer$, of 50 Stopess 
each Stope weighiag 6 th'of Astwerp; and the Roede or “Rode of Dort 
will weigh 4400 Tb, and confequently the “me will weigh 440 Ib; the 
Sebrewt 44 Tbs -the “Stope 4 16,°6-Osnces, 8 Ang. the Kanne 2 Ib, 3 
Ouinces;- ee and ae 


Antwerp.” 

“This Reede is again ‘divided into 2 Tums, ‘ech wf. them containing 
500 Stopes of Dert, of 2200 by-to which if you add so 1b for the 
Weight of the Ti itflf; it will, when full of Wine, weigh 2250. Ib, 
and confequently 2 Tens will weigh 4500 1B. Hence it is:that in load- 
ing a Ship they recken # of chefe Tun equal to a Laff of Wheat. - 

Again; 14-Ames OF 2nferdam ate equal wo: 10. Ames of Dort; bat we 
muft bere obferve that the Amfferdan: Ameis divided: into 64 Stopes ; 
therefore ‘it weighs but: 314° 1b, 4 Ounces, 5 Ang. and 22 Gr. or there- 

 Aatarerp § ‘each Stope-weighing 4b, 14 Qunces, 2 Ang, and 
about 10 Gr. ‘Ini Prifeland, the Ame is 40 Kannes ot.160 Mengels. At 
Malinés in Brabont it is 80-Mengels; whence-it appears that the Mengel 
of Malines is Gouble.of tharof Frifeland, and:that what they call a Pint 
at Malines it 'a Menyel- or Pot in Frifelend, but as to the Ame of Ma- 
kines or Friftland, 08 well'as of Louvain, Brufel, Boifleduc and Breda, 
they are eqtial in Weight and Capacity to the fme of Antwerp: But the 
Mengel of Liswvain ig equal-wo the Maafs or Kan of the Germans, : The 
Ame at Brufitls and: Lowvain $3 divided into.48 Stopes ; at Boifleduc into 
505; at Leyden, Delf, Trevérs; Flufeing, Middleburgh in Zealand, Ghent, 
Bruges in Flanders,- and at Liege, it is. divided into 60 Sfopes.-- Agsin, 50 
Stopes of Antwerp are equal to 54 of the Hague and Ruremond; to 72 
of Ziriczee, and 0626:0f Neuport and Oftend, I-thall add to all this, 
that 14 $ Ames of Bruges, Mi vara ie evers and Plufbing are equal 
to 16 Ames of Dert. 


Befides, 
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Befides this Roede which we-Have been {peaking of, they have one of 
another. fort at Bruges, which holds 2 Veflels or- Tana, each of 22 
Sextarii,. or -Sefers, each of which is-16 Stopes... 
| The TUNN of: Beer throughout all Brabant, c contains velar 
Stopes; but in Flanders 60, and fometimes 64. Flemmifh. Stopes. As 
for the: Dutch Tuna it is equal to that of Brabant, except that of Am- 
ferdam, which requires 56 5 Stopes of Antwerp. - As to the reft, I thall 
not reduce. them to-the: Weights, fince: wed peta spe Adi asain: 
the Wes of the alanteerpian Step. . 


Dry Meofure f the fame People 


The LAST.or ACHANE, when it is ued eo meafure Wheat, is 
maps fed of 16 Sea Mediani, which the Dutch call Scbippont, cach of 
3300.15; thesefore the whole Lief weighs 4800: i; but 
a ty meafure Rye-14-Schippents make a Laff; each of which are 
equal to: the formerin Weighs. and in Capacity, confequently a Laf of 
Rye will. weigh 4200 tb of mferdam. : At the fame place, they reckon 
27. great. Meafures, which:they cal Mudden, ina Laft; cach of thefe 
Mudden_contains.4 fmaller..Meafures, which they call Scbepelen_or 
Bufbels ; cherefore the. Lap sis 108 Schepelen or Bufhel. Again; they 
pigs 29 Sack, ina Laft, cach Sack:of 3 Ofaves, or Achtelingen, 
as. they have it. Moreover, 24 Salt Casks, of 214 of thofe narrow Vet 
els in5 : ris ftowed, or 15 ¥ of the larger and broader of the 


d, conftinue exattty aa? of Rye; again, 18-Fusasor Vel- 
els of Beer; : or ag many. Ames of .Astwerp, anfwerto the fame thing, 
Now. the! ime GA make. 3 Tunns of Wine, but 2 Tunns. only are-rec- 
koned equivalent to 2 Left of Rye. hecaus 2 of them weigh 4200 fb 
or thereabouts 5: for foppole the the Qyadrantal.or Cask of Wine weighs 
00 Ib; 2 Tunns or 8 @yadrantals will confequently weigh 4000 1b; 
and 3. of the like: Tavms.or 32 Qyadrantals full of ‘Rye, will-weigh 
200 th (withone reckoning the Weight of the-Veflels theméfelves) 
each .of them containing about 360 ib of Rye. But we mutt take no- 
‘tice that all_forts.of Grain do-not always weigh alike; and the Ars/fer- 
dam Left of: Wheat :has-been found fometimes to weigh 4800 1b, and 
at other times bur.4200 ib; and aLa/ of Rye weighs fometimes 4200 1b, 
and at other times bur-40n0 ib, “Fry a Leftof Barley, and you will 
find chas it weight but 3400 iby: and Gats will weigh fill lee; for which 
: en enftomary- in-fome Places, to have a more capacious 
Meafire for Oats than Sar Rye. New fince according to the Obferva- 
tions of Méerfennus the Parifian. Pound contains 13760 Grains of Wheat, 
which Pound is.16 Grains Highrer than the sferdam Pound, chis laceer 
will contain. 13776 tb, and the L.g#: weighing 4800 Ib, will certainly con- 
tain | 66,124,800 of the faroe Greins. At Hemhden 15-4 Tunns;of 4 Wer- 
nor Bajbels:each, conftionse a ae their: own ; but 55 Werpen 


anfwer 
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anfwer to a Left of Amferdam.. At Antwerp the Laff is 32 Quarters, 
and the Qyurter 4 Bufbels, or Muckens, as they call them; thus 38 Quar- 
ters are equal to a Laf of Amferdam. At Rotterdam 3 OGaves or Eighths 
make ¢ Sack, and 38 Sacks make the Laf of that Place ; but 87 Offaves 
are equivalent to an Amferdam Left. 7 Es 
The MUDDE, or-great MGDIUS, is divided at Lowvain into 
8 finaller Meafwres, called Halfer; 13 of thefe are equal to a Laf of 
Amferdam, a3 are alfo.104 of Bruffels, 7 of Macfricht, and 12% of 
Boifleduc. At Ghent the Mudde is divided into 6 Sacks, the Sack into 
2 Halfers, the Halfer into 2 Qyarters, and the Qyarter into 2 Muckens : 
Now 4 of thefe Muddes and'7 Haifiers make 1 Loft of Amflerdam. At 
Bruges they call this Meafure an Hoet, which they divide into 4 Bu/hels, 
the Bujkel into 4 Qyarters, the Qyarter into"2 Spintes: 17 t of thefe 
are exe@tly-a La? of: thae Place; but the Amferdam Laf requires 17 % 
of them.. “At 2pres-12.-Razieres give a Mudde, each Raziere anfwers 
10-4 Tunns of that Place,-and 25 Razéeres make a Laft there: Again ; 
75 of thefe Razzeres ‘conftitute a certain great Meafitre called Tkink, 
which is. treble. of the Lef. --In thort, they reckon 24 Razveres to an 
Amperdam aft. In feveral other Places of lefs note in Flanders the 
Raziere + divided. into 4 Awots, che Awot into 4 Pints, and the Pint 
‘into 8 16. At Lewarden in Frifeland the Mudde is 2 Lopen; 36 of thele 
are an Amflerdam Loft.’ At Middleburgh in Zealand the Mudde or great 
Modius, which they call Hoet, is compofed of 16 Sacks; which may be 
properly called 8: Rasieres, 41 + of which conftiite a Laf of that 
Place, .amt-40 of them anfwer'to that of Amferdem. At Dort the 
Hoet is.8:Tanns, and 3-0f thefe Heet (which are a kind of Schiffpfundt) 


7 .- Polith Lsguid Meafure. 

_ BECZKA, inLefin DOLIUM, and in Exgiifs a TUNN, ought (in 
purfaance to an Order’to that Purpofe:-in the Year 1565) to contain 72 
Congii, ot Kanus, which the Poles call Garniec.. But by an Order iffued 
out afterwardsin the Year1598, it is to contain but 62 Garniec. 

- The LUNN, orBeer-Veffelof Dantzick, contains 180 Dantzick Stopes. 
Tc has heen found at-Aatwerp that 180 of thefe Stopes make but 81 of 
their Stopes, and. from thence we' conclude, that the Dantzick Tunn 
weighs 486 Ib of Antwerp; anda Dantzick Stope weighs exadtly 2 Ib, 
11- Ous. and 4 Ang..of Antwerp; and the half of it, which they call 
Halb, weighs 1 16,5 Oun. and 12 Ang. From this we may infer that 
the Stope of Dastasck is 4. Antwerp Ounces, and 16 Anglicks, lefs than 
the Pot or half Stape of Amtwerp, Befides this; I' know that the Pal 
Garniec - contaitis- about 2 Dentzic Stopes-of Liquor ; therefore the Po- 
lifo Fun of 62 Garniec or Congii, is 56 Dantzic Stopes \efs than that of 
Dantztc;. thas is, that the Dantaic Tun contains more than that of Po- 

. I land 
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land by 28 of its own Garniec. Let us now conclude that the Poli 
Garniec, weighing 5 1b, 6 Ounces, and 8 dng. of Antwerp, does not 
differ much from the Roman Congius, as we have above defcribed it ; and 
I firmly believe, that thofe- who firft infticuted the Polifh Garniec de- 
figned it fhould be equal to the Roman Congius: But as ali fublunary 
Things are fubjeét to’ Revolution and: Viciffitude, as they pais through a 
long Succeffion of Years ; it is no wonder that this Meafure: has varied 
a licle ‘frony ins firft Dimenfions, and fuffered fome fimall Diminution. 
To conclude; firice the Polifo Tunn of 62 Garniec-weighs 334 tb;-12 Ous- 
cet, and “t6 Ang. of Of Antwerp, ix will be equal to + of the Dolium, or to 

an Amphora;” Agto ‘the Weights of the half Garniec, which the 
Poles call Pilgatia,” ‘and the ¢ of that. which is ‘called Kwarta-gercowe, 
it will be netdleft o9 eal: ' ge upon thes; ‘after  swach has'been faid. — 
‘¥10' Dantzic Stopes -of Wine, or 20 


‘The ONMA of Deatuie 
Syarts, “reckoning: ‘the Laas; “bat difaflowing ‘of them, ic will be but 
104 Stopes and +, oF. 19 Qyar ris. 

“WIARDO is ‘a Meafire very well: known in that County, aad con- 
tains 20 Garnier, Congit or Kannes, ae 


| Dy Meafure € of the five Nation 
LASZT, or PLAST ES iea) ey wha 


Siva’ ie "Aster Whest and’ howe: pi Sir er 
throughout 'ail’ ‘Poland is divided into 60 Mesfures which they call Kor- 
fey bat we’ meet with tof very various Capacity, and very different 
Weight. "At Déntade the Lifat of Rye is 15 Scbifdfundt, cach of which 
contains 4: hig ded S which swe have elfewhere called Scheffzi, cach of 
alter Me fores “called Matscen, - In the fame Place a 


differe We right « mars is medch ‘heavier than’ Rye; 
i of thm cd of Go Heofek. Tt hashoworer been hf 


fe; “eontaini tig 10 Stines oF 34-18 each 3 but the other which is 
natier Kin nd oniaina ar a0 Lift, ‘weighing each 16-15 
zit, ‘ig ofed in weighing all other Commodities, Aeon a Dost. 


zc 
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ie Lafet of Wheat weighs 6440 Ib, from whence we may gather the 
Weight of the Dantzse ‘Schefel or Medtus; for it being ¢, part of the 
Lafet, it will: weigh. 8g.1b-with regard to. Rye, and with tegard to 
Wheat it weighs go:Ib;.10: Ounces, 5 Qyart, and 3 Pond. Nom. At 
Koningsberg, and at Elbing the Lafzt ‘weighs 64.00. “tb, and confifts of 
16 Scbifefundt, cach-of which weighs 400. Ib, or 29 Lipfundt ; and 6 
of: thefe: make7 Lafs of Amperdam, At Rigs, Revel, and Narva, 
£2 of: 39: Stone,-or 400.15 each, conftinte a Lafzt weigh- 
: ingatoo tb of thole. Places, .and but only 4000 Ib of Amferdam, 
 KLODA: sid MAGE As a kind of Dry Meafure much yfed in the 7 
il Clens dand Red Rufia; that is, about Lemburg, Premifitz: o or Pre- 
tending towards the. Carpathian or Krapakian 
sonteine 4. Modti or Qyartes, or 8 half Modis’ commonly 
illed « or 32 Pulmarek now. at Lemburgh 
the Palmareh is pine Bripeorue: or Congsi, and the whole Macka 
to 128 of the fame. From this it is evident, that 5, of this Meafure igequal 
tothe Old Roman sUrna,.a and. confequently. that. it anfwers. in all {0 32 
Urns, or 1280 tb Roman. The Macka in Foroflow is 160 Congii or Gar- 
mec, (Kens) but at Premifiitz: 130 only. 

CWERTNIA: iss Meafure which may properly. be called a Bime- 
dizsnum ; for it holds cwo Medimas ot Korzec of Cracow. At Pofna it 
in 42 Congit-or. Garsiec.. At Kalishe 36. Garniee, and the. Weertel Ka- 
Kishi, is-t4 Congit on Kanms,.- 

-KORZEC is eadly the Medimaus A the Latins; that of Cres is 
16 Congiis by which means.it happens to. be equal. to the Medimnus or 
2: Ampboten, 260 ankwers +0 360 Tb Romax. Jts.2 part. anfwers: to the 
Old Roman Ure:. or:the Seab of the Hebrews. In Lublin j it is. 28 Congii, 
and. this doer: .ndt differ such from the Old Roman. Decimodium. . That 
7 mirtd ; « is-24, Gangii, and 12.the half of them will 

be equal tb an. Attie:dimpbera,, "we believe Fannius: And Villalpendus 
poe-nee eaten nea difies rach, from, the Roman Hydria; nor from 
a} m0 4:08 : somes nearly so the Grecian 


“BECZKA oe, TUNN i the Dolium of the Latins : Wich this they 
meafore: Dry- “Things in. White Rufia and Lithuania, This Veftel con- 
tains in- Wheat er any other. Grain almoft 2 Salt Casks, if heaped up and 
_preficd down:; it weighs. about 350 | Ib of our Parr: This is the Mez- 
feev-of Filnd2."Phas. of Satalensho is. 3 of chis, and confequently weighs 
§2gtb:: Befidet she Measures 1 have already mentioned, there: are feve-~ 
ral others ain Poland, Eithuania, and Rufia, of leller Capacities ; fuch 
t the Mirka,; Suanch, Ofmaczka, Sc..but thefe I thal. pa& over with- 
at: Notice, nor enly becaufe they are not in. fuch. general Ufe as 
_dhe:reles tut: lis: or: feer.of growing. tirefome to: the. Reader, who is 
- eommoaly:fc of Brevi: Efball.aaly ob{erve to you once more, that 


: at eL-all-chafe Mealures may vary, according to | the different 
Specifick Gravity of Grain, Englith 
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«The Piat weigh one Icf Tay Woighe of nglaad ‘eid coakeacend: 
ly the Gallon will weigh 8 of the dame; Now in order:to know. what 
pastas dererde bears tothe ons we: vy ave woeenttni 
—_— mints x 4% : Te 
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Liquid Meafure of fome Ealtera Nations. 


MATALI or MATARI 2 Mea/ure in the Kingdom of Tunis which 
holds 36 Rotules: It anfwers.to about 5 Antwerp. Stopes; and 10 of 
them make an Ame of the fame Place. The Metali of Tripoly, and eve- 
ry where elfe in Barbary, ia. 42 Rotules, and is equal to 7 4 Ames of Ant- 
werp ; from whence we amy: conclade, that ach ot thont weighs 40° 
of Liquor Aniwerp Weight. - 

ALMA isa ‘Meafure at. Conftentinople, which anfwers to 1 § Stope of 

3 the Liquor contained in it weighs 10 ib of Antwerp. 

DORACH or DORAG is a Lignid. Meafiere amongft the Ara- 


bians;, it. epprcachet pretty neas-to-the ere een Romana, and is divided 
into 8 Fobein. FS 

JOHEIN is divided i into: 6 6 Kip or Afats, which nearly anfwer to 
the Roman Congius.. 


KIST or ASCAT. into’ a Corbin or Henine, as the Romans 
had it. 7 
CORBIN into 2 Keliath, which bear ee Affinity to the Roman 
Quartarii: 

KELIATHi into 2 Cafisk or Arfres, which equl the Roman Ace~ 
tabula, 


CAFFUK or. ARSIVE i into 2 Cuatum, or as the Romans had it Cree 
thi or Cups. — 

CUATUM into 4 Salgerins, which are perfectly the Roman Co- 
chlearii or Spoons, 

SFobein amongit thé “Arabians 4 is what the Congius was amongit the 
Romans, and what the Greeks called Hina; it is 1: = Stope of iaiwert, 
and ‘confequencly’ the Dorach is’r2'of the fame Stopes. 

ARTABA is an Rgyptian Meafire which juft anfwers to 18 Stopes 
of 


Antwerp. 
‘COLLATHUM in the fame Country is 6 Antwerp Stopes of Li- 


quvor. 

SUBITHA is an Zigyptian Meafure, which i is equal to 5 } Stopes of 
the aforementioned Place. 

DADIX is 4 Stopes of Antwerp. 

COPHINUS is 3 of thefame. 

CHENIX of the Eppes | and, the Antwergian Stope are exadtly 
the fame: * 

The MARES and FONTES are but + of the » Aetoerd Stope. 
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Dry Meafure of she fame People 


METRETES or METRETA isa Meafure at this Day ufed all 
over Greece, it contains: 12 Choas: 45 of thefe make a Lajfe in thac 
Country’; but the mflerdam Lajle requires 50 of the fame. : 

-The PERSIAN ARTABA or ATRABA is divided into 25 Ca- 
plile ot Hemina,; or (if you will) Hins: 45: or 50 of thefe Artabe make 
an Amferdam Lape, The. Higyptian Artaba is divided into 5 Apor- 
rbimes or Aporrbima; at into-4o Chenices; or into-480 sions or Inta,-or 
i ned ba hve 45: #n $a me cartope ee Weed © 20a oe 


“TOPIN: ‘or “FOPIUM i in a thé fame Counery contains 10 Chenice ; 
3 does th  Ephin & Sextaries or Ita. - 
_CAPHICE is-a: Meafure in Barbary which ough & to contain 20 
uibs: Toe thele Ca ici-ate equal to an Amferdam Lafte. 
PS DORAG ‘is the faine ‘Arabian Meafure'l jutt n now 
mentioned. They divide in thé fame. mvanner botly for Liquid and Dry 
, : § 80 Dora r exact to an Amflerdam Lafe. 

Phitts have propofed to fay concerning the Mea- 
fore of bontringt which if it fall fhort of the Reader’s Expedtation, 
E am vety forty for it; bat upon the whole-I conceive that this Effay 
will not be entirely undeferving of favour, if it be duly corifidered; that 

‘hives eta istmolt ict ie "anal chat: + rhadlegre induced | to it by 1 no 
; ‘aK * 


“CHAR XH. 


ape res or tbe Menfuration of Space. 


© sete to inftrud you in the naturé ‘of fevers forts of 
yhich we thalt often mention in the Sequel of this Work, 

- fpeak- of the: afation of Lines and. Surfaces; fo that a 
h Kiiow foe's what concerns ‘this fort of Meafure will be 
cefiary. We wil béegir n with che- ‘Tealt of them, and go on 
pricians, ond il cal emby dhe 6-very Names hey ave given them. 
& FINGER, as it ie: + called by the Germans, Englifb, Dutch and 

5 by che Poles,” Palec; by the Latins, Digitus, and by the He- 

brews, Euath is 4 Bariey-corns placed‘on one fide cach other: Hee 
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the rule Rosi is fubdivided | into § Ce Seeds, and this i is the fmalleft 


one another, ee Line of the Frénch Inch; apenas 
Grains of Red: Poppy Seed, and.4. of White, ase are equal, -He again tells us, 
that a Grain of Scelopender or Finger-Fern. Seed, hears the fame Prapor- 
tion toa Grainof Mufierd.Seed, 48.1 docs tog. From whence we may 
allow, chat‘ Grain‘of Scolepender is the leaft of all Seeds, fince its Di- 
ameter is contained.2 4-Times.in the Diameter of .a Grain of White 
Poppy Seed. As for: the {mallet Grains of Sand, the fame Author adds, 
that: 12 of them placed in a Right Line, and touching one another, take 
up the Space of .2- French Dine of an Inch. Letus hence coriclude; that 
eS et eee the fnalleft 
The UNICA,, INCH, or  DIGITUS MAJOR, called by the 
mans, Zel and. -ounsaine in. Length. 4. Barley-cornt, and: is by 
dh Feeach divided ingo 12 Partsot Lines: 
The SMALL-PALM, by. the Greeks, Deron, ‘and. by the Germans, 
ei Qyere Hands, and by she Hale, Dien, oughe to be 4 Fingers or Di- 
gits broad. 
The Length of the Hand is what he Greeks called Orthoderon, is it is 


‘The GREAT-PALM, or SPITHAMA, by. the Greeks, Lychas, 
by the Hebron, Seabee -by- she 


ns, cin. Spann, by the Poles; Piadz, 
mall Palms, or 12. Digits, or.9 Uncia or Inches: 
wnfonnus fays), ought to betaken from the Extremities 

of the Thumb and little e Finger, when m frrtcbed out to the utmof Extent 

can be oe | 

‘The FOOT, by ie Guomaas bee Ful, or Schuck, and by the Poles, 
Stopa, ought to be 4-Pakns, or 16 Digits, ot 12 Uncie or Inches. Con- 
cerning the Divifion of the Foot, Philander, one of the Commentators 
upon Vitreviasshas made che: following: ‘Remarks upon his IIId Chap. and 
Tid Book, (viz.) Columella, Frontinus, Ifidorus, and feme others, differed 
from Vivvuvius. in the,Divifion. of the Foot; for oll, except this Author, 
vapgartbigsr panes’ the: Beginning into 4. Palms or 16 Digits; 
is what perplexed and irregular, shofe who fuck. 

te it, cia Ate ae, hvided it:4s well as every Integer (which 
they commonly called Afiis) into. 12. equal Parts; oneof which was called an. 
Uncia;: two of them o Sextans 5. three.a Quadrans ; four a Triens; frve a 
Quincunx ;. fx 6 Semis, ond. fo onto to twelve, which conptituted the Aflis. 
or Foot. But our Geometricians having cenfidered, that the Unciz an- 
fered te citr laches, rejetled the former Name, and affumed the latter; and 
indeed if we compare.them togetber;.we fall find that 3. Inches make 4. 
Fingers. _Obferwe bere,: that I donot peak with regard to the Remark ia 


Frontinus’s 
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Frontinus's Book of: Aquedu&ts, where be mentions two. forts of the Inch, 
siamely, the Round Inch and Square one, and that the Rounch inch is lefs 
than the Squareone, by three of its own Elevenths, and that the Square is 
bigger than the Round one, by three.of its Fourteenths. This is: Philander’s 
Opinion concerning the'Divifion of the Roman Foot. ae oe 

What have: further to add, is that the Roman Foot is. of various 
in ‘different Parts‘of the World: In fome Places it is of two 
forts ;° a8 for Exattiple, Swenterus relates, that there are two forts of it-in 
the ‘Fown of: Noremberg (namely) the Town or Civil Foot, which they 
: Schuch; which convains:12 Uncieor Inches; and the Mecha- 
nick‘ or ‘Work Foot, which they call Werch-Schuch, which is but.11 of 
the: fame ‘Inches ;-Hat ‘chia Foot they have divided into 12 equal’ Parts, 
which -the peal Unchee'or Incbes,. ‘ins Imitation. of thofe. of which the 
oor | -Now:perceiving ‘thar this great ‘Inequality of 
| Mésfore;: ‘would perplex and confule: usin a great many of our-Opéra- 
tionss Io had: formetl-a:DeSga of - ig the Feet of ali. the moft fa- 
mots Provinces and Ciries:in the: World, ‘to: one that. .was determined, 
uid the belt fendes. of “all,-and to campare them with that, in the fame 
masiner 28 hae. beh done awith regard to the Contents.and Capacities of 


pete cede hamatal flich’an Attempts sherefore finding 
sacquitted him(elf very: handfomely upon this Head, :and that 
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I fhall to this add:what has been remarked .of the-Old. Romaz Foot, 
namely, that it bears fuch Proportion to that of Rynland as.975 does.to. - 
1000. I mean-that Roman Foot, the half of whofe Dimenfions we-find 
in Philander, the Interpreter of, and Commentator upon, Vitruvius, in 
his Book. III. Chap. HI. which, he fays, was taken: from an Antique 
Marble, ftill co be feeri at Rome in the Gardens of Angelus Colotins, 
and. anfwers pretty well to that which was found on.the Monv- 
ment of Cefucius Statiiius, which having been a little while ago 
difcovered: by. fames Meleghini (one of the beft Architects belonging 
to the Pope). was through his Means. removed to the Vatican Garden. | 
- Moreover Merjennus.obferves in.the Margin of his firft Book.of Mea- 
Sures, ce: shat. there ate two. different forts.of Meafure of the Qld. 
Roman Half=F aot ¥.one of which he fays was taken from the old Walls. 
of the Capirdl, and. is.carefully preferved in the Library at Paris. This 
(as. L have often tried), when. doubled. does not agree withthe whole. 
Roman. Fost which Philander has given. us, by nearly ¢, and is {, of six 
lefs than: the Rynland: Feat ; and. thus this Foot is. to the Rynland Foot.as 
950 isto 1000, ° E have farther obferved, that this Foot of the Capitol 
is exattly the fame with that of Poland (of which I have 2-very. nice 

Mfure}-which Foot is:likewife ufed in Lithuania. We find another 
Meafure of the Half Foot, which is taken notice of by Merfennus, and 
which Villalpandusfays he took from Congius Farnefanus, The Mea- 
fure of the Roman Foot which Philander has given us, exceeds the 
double of this laft by wi and its-Proportion: to the Rynland Foot is as 
969 to FO00. “afféres us again in the fame Place, that the 
Royal Foot of Fronce (che Meafure of -half of which he alfo gives us) 
exceeds the Rysland Foot by 6 Lines, or 4 an Inch. But having myfelf 
applied the double of this Meafure to the Ryzland Foot, 1 found that 
the former exceeds the latter by vee; therefore according to my Obfer- 
vation the French Feet is to that of Rynlend, : 25 1050 isto 1000. But 
we have faid enough of the Foot, eae we now to fuch Meafures as 

‘and more confiderable. 

oThe PALMI-PES of the Latins; ar ‘the PENTADORON 
and PIGON of the Greeks, which we ‘will .call che PALM-FOOT 
from the firft of them, is a Meafure that takes in the length of 20 Fin- 
gers, OF Digits 5 that is a Palm and.a.Foot;, and is to be taken from the 

of the Elbow to that of the-Hand when clofed, or the Fift.. 

The ELL, by the. Hebrews, Ammach, by the Germans, ein Elen, or 
Elbogen, and by the Poles, Lokiec, is 24 Fingers, or 6 Palms, or 1 
Foot, or 18 Uncia. . This Meafure is.taken from the Extremity of the 
Elbow to that of the middle Finger. In Perfia and Egypt, the Geome- 
trical El is 6 of ours, © The Englifh Ell is 3 Feet, 9 Uncia or Inches. 

But there being fo great a Variety in the Length of the E// in differ- 
ent Places, as well as in that of the Foot; 1 here thall give you the Re- 
du@ion of it to the Rynland Foot, as we have borrowed it from the 
abovementioned Matthias Dogen, If 
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7 Of Dantzick--------- 1842 
pes Of Hereford -----+----- 1326 
Of Florence ~------ -- 1846 

vel Pink be Of Me ort upon Main - - - aca 3 
"hf .0 6. Di, (Of Hamburgh - - -+---- 1842 
each of thele Places|o¢ 7 oygeq ©... 2x89 
would contain fuch aioe riteck --------- - 1842 
Number oF EOEP EO O¢ Zonda. = ~~ - - - - - - 2904 
Sick ie Wao of Dt Middlobargh eee ne 2105 

a Dt. 2. chee, JOf Nore dia 210 

cath Place in this T0 Qu demater each Gis Gos ai63 


To this TF thall fabjoin, from Merfennus, that the Paris El! contains 
3 a French Feet and: + Inches; confequently it will bear fuch Proportion 
to the ‘Ryland Foo? (according to. our: Obfervations) as 3806 and 7% 
does to 1000. But; according to Dogen, it is as 3824. to 1000, or there- 
abouts.” In Poland the Ei] is 2: Feet, and this El (if our Obfervations 
are right) is to the Rynland Foot as 1990 is to 1000. 

> Befides ghis; x Merfennus affares us, that the Bracco or Brace of Flo- 
vence’ (which is a kind of Ej) bears fuch Proportion to the French Foot 
28°43 dots to'24- But <as to the Hebrew Eff, he makes it 1 Foot, 4 
Inches, and 3 Lines, aioe to amg Capitoline ‘Mesfure before~ 

mefition’d.: © 2° 
“ihe PACE, which the Latins called Grails,  Greffus, or Paffs Sime 
plex, the Germans cin Einfacher Schrit, the Dutch een Stap or Trede, 
and the Poles Krok, ought to be 24 Feet long. 

‘Phe PACE; which the Germans underftand by the Words ein Dop- 
pelter Scbrit, is exaGly 5 Feet. 

Phe ORGY -A-or FAT HOM, which the Germans call cin Klafter, 
the: People of the Low Countries cen Vademe, and the Poles Zazen, ought 
to be 6: Feet long: Fulian. tht Aebaite, an excellent: Architeét, would 
‘have: this Meafure' calied-an EM. 

The CANNA ‘end REED, which the Fichrews ealled Keniuch, 4 is 
bof the Hebrew Rik: Marfennus mantains-that this Meafure contains 8 
Feet ant 1-4 Inch, secording t6 -the Ratio between the Capitoline. Foot 
and that: of France, which a is as seem. 144, or as. 65 is 
to vere OP thereabouts: 

* Phe-PERCH: or "RODD, “of 10 Feet, which, sthigagh che Ger- 
mans, is called ein Mefi-rubte, or Stange, by the Flemmings. cen Reede, 
aod Lee the Poles Prent, was formerly divided into 10 Feet by the An- 

cient 
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cient Romans; from whence they gave it the Name of Decempeda; up- 
on which Account it was that Cicero; that Prince of Orators who knew 
fo well how to adapt fignificant Terms upon all Occafions, called thofe 
Geometricians of his time that ufed this Meafure Decempedatores. ts 
Length is varied infinitely at prefent: As for Example; -in the Low 
Countries the Riynlandic Perchis 12 Rbynland Feet ; bot to render the 
Calculation of this Meafure eafy, and as raych:as poflible to avoid Fra- 
étions, their. Geometricians have. divided it into’ 10 equal parts, which 
they call Feet, each of whieh are fubdivided into 10 Uncie. In Poland 
and Prufia the Perch is 15 Feet, or 7 3 of their Elk, this is what they 
call €ulmenic, but commonly Prent, or Miara Chelmienska. In the 
Territory of Noremberg it is 16 Feet. ‘In the Marquifate of Branden- 
burg 12 Feet. In France (according to Merfennus) 22. Feet make a 
Perch, Inthe Territory of Ghent 14 Feet, bot every where elfe in Flan- 
ders it is 20 Feet. There likewife does the Foot vary, inafmuch as in 
fome Places it is 10, and in-others but 11 Unia, In England the Perch 
is 16 § Feet, and in Ireland 18. 

The CORD or CHAIN isa kind of Meafure well known in moft 

ntries,: and-is-what the Latins called Funis Chorda and Catena; the 

Germans caltit ein Schaur and Kette : This is what the Romans former- 
ly meant by the Arvipendium; the Poles call it Sznur and Weiifysko, with 
whom it is 10 Perches: But ae Bp eweys ee among 
Surveyors. 

The STADIUM 6 or FURLONG, and the Azle, Roff-lauff of 
the Germans, and Staia of. the Poles, is in Length 125 Geometrical Pa- 
ces, or 625 Feet: Among the Grecks the Stadium was 125 Pacetzand wes 

roperly: the Meéefure of aFeet-Race. 

The DIAULUS was double of the Stadium, it being 250 Paces. 

Phe HIPPICUM was'4 Stadia or 500 Paces: ane was: + proper 
the Meafure of an Horfe Race, or Breathing. | 

The DOLICHUS was:12 Stadia. 

- Fhe SCHANOS was 6o Stadiay but é in fome Places 4°, and i in 
ochers but 20 only. 

The MILE is a Meafure well known: toall the Burspeans, and is de- 
rived from the Latin Word. Mille'a Thoufand, the Roman Mile being al- 
ways compoféd of 1000 Paces: But this Meafere varying ite Dimenfions 
in the different Places where it is ufed, 1 shave here-inferted a Collecti- 

on of fach Spaces, a3 are ‘the-moft ‘common ‘in feverel Countries, and 
which bear any Affinity to the Mile; that-you may with the more Eafe 
and Exatinefs compare the Mile of one Country with that of onother; 
and that you may fee the-different Meafures with which. Geographers de- 
termine the Diftance of Places: Thefe are reduced.to the Rhynland Foot; 
(which we: rection giclee ena 
Se a 


6 BS MILES, 


+. 
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MILES. FEET. 
Of Aigypt. - - - 25,000 called Schenos. 
Of England. - - - 5,454 
Of Burgundy. - - - 18,000 
Of Flanders. - - - 20,000 
Of France.- - - - 16,750 called Lveiwe or League. 


22,500 the Mean, 
25,000 the Greater: 
Of Holland, = - ~ 24,000 

Of Swifferland. - - 26,666 

Of Spain. - ~ - - 21,270 called Legua. 
Of the Hirarian Way. 15,000 


20,000 the Leffer. 
Of Germany. - 


Of Italy. - - - = 5,000 

Of Lithuania. - - 28,500 called Mila. 

Of Mofeovy. - - - 3,750 called Warfla. 
Of Poland. = - =- 19,850 called alfo Mila. 
Of Perfia. + - - - 18,750 called Parafang. 
Of Scotland. - - - 6,000 

Of Sweden. - + = 30,000 


I thall now haften to a Conclufion of this Book, omitting feveral o- 
ther kinds of Mea/ure ufed in furveying Land, in which the Surveyors 
are governed by the Cuftom of the Country where they are employed, 
and-which the Pyrotechnician has nothing to do with. I fhall only add 
that the Poli/h Acre (which the Poles call Lan Role, the Germans, Mor- 
gen and Ffauchart, and the Flemmings, een Bunder-Landts) is the Breadth 
of one of their Chains, or 10 Perches of 15 Feet each, or 150 Feet; its 
Length is thrice its Breadth, or 3 Chains, or 30 Perches, which are 450 
Feet. Moreover this fime Acre contains 67500 Square Feet. From 
whence it appears, that the Polijh Acre is bigger than the O/d Roman 
one, which they called a double Square or é7us, which was but 120 
Feet Broad and 240 in Length, and confequently contained but 2880 
Square Feet. The Old Roman and Polifh Feet are equal, as I have al- 
ready fhewn. 

Again; let us add that 30 Square Acres of Lithuania and Warfovia, 
conftitute a certain Meafure or Portion of Ground which the Latins cal- 
led Manfio and Modus Agri, that is, a Day’s Journey, and Form of a 
Field ; and which is commonly called by the People of thofe Countries 
Wloka, and is the fame that the Germans mean by Hube or Hufe. Now 
the Breadth of this Plot of Ground is always 4500 Feet, or 30 Chains, or 
300 Pol/h Perches, and its Breadth is the Length of 3 Chains or 30 
Perches, or 450 Feet; and the whole rea of it contains 2025000 
Square Feet. 


Y Again; 
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Again; in Warfovia they divide the Breadth of the Acre into 2 Zagen 
Liras (as they call them) each of which is 75 Feet Broad. Thofe who 
would know more of this may confulr the Surveyors of Land, and fuch 
Geometricians as have more to do with it than I. 

To conclude: You will have the true and exact Meafure of the Rhyn- 
land Foot, as well as of all thofe reduced to it, in our univerfal Pyrotech- 
nical Inftrument, the Form and Ufe of which I hall give in the fecond 
Part of our Artillery, Proceed we now from the Theory to the Pradtice 
of our Pyrotechnics, and fet ourfelves to work, fince this Book has fo 
plentifully furnifhed us with the neceffary Tools. Attend then to what 
follows. 


OF 


OF THE 


GREAT ART 


OF 


ARTILLERY. 


PART ah FIRST. 


BOOK IL. 
Concerning the Things which are commonly ufed 
in Pyrotechnics, or Artificial Fireworks. 


CHAP. I. 
Of the Origin of Saltpeter: sts Nature and Operations, 


Cw OCS RM T is moft certain that feveral learned Perfons, and 
PEDO Gee fuch as were verfed in Natural Philofophy in the early 
7% Ages of the World, were well acquainted with the 

AKC? Nature of Saltpeter and Salnitre. For a Proof of 

WAgae Ya this we need only confule the Sacred Writers, by 

7: MA, whom we fhall find it particularly mentioned, as may 

‘be feen in the * Fifth Book of Mofés, Chap. xxix. 

We fhall likewife find it largely treated of by feveral Prophane Authors, 
of which Number is Phny, who fays a great many Things of ir, 
Lib, 

* Deuteronomy xxix. ver. 23. Amd that the whole land thereof is Brimftone and Salt and 
Burning, and that it is not fown, nor beareth, nor any grafs greweth therein, like the over- 


throw of Sodom and Gemorrak, Admah and Zeboim, which the Lord overthrew tn his Anger 
and in bis Wrath. 
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Lib. xxxi, Cap. vii. and x. as does likewife Vitruvius, Lib. vii. Cap. xi. 
Ariftotle, Seneca, and Diofcorides Lib, vy. Cap, cxxii. Pbhiloftratus in 
the Life of Apollonius Tyaneus; together with a prodigious Number 
of others too tedious to enumerate, from whom the Truth of this Af 


fertion may be proved, namely, that the Ancients were acquainted with 


the Properties of Saltpeter. What I have to fay upon this Head is, 
that there are fome Moderns ‘who are firmly of opinion, shat the Salt- 
peter ufed by the Pyrotechnicians in our Days, is widely different in 
Form and Virtue from the Nitre of the Ancients, and confequently will 
have it, that ours is a new Invention, or a Difcovery of very late Date, 
purely calculated for che Service of Cannon. ‘Thofe who entertain this 
Opinion are thus far fupported by Reafon ; that we are affured by feveral 
Thar the Ancients knew of but oné kind of Nitre, (vzz.) the Mineral or 
Foffil fort, which was naturally formed without any human Art, in 
Places from whence they took ic: And this they divided into four diffe- 
rent forts, namely, the drmenian, the African (from whence the Afro- 
nitre which Avicen calls Baurach in Aratick) the Roman, and the Egyp- 
fian; and was called Nite from a certain Region in Egypt, where it 
was found in great abundance. Serapion moreover relates that the Mines 
which produced Nite, were perfectly like thofe of common Salt, in 
which running Water is congealed and condenfed, and that it was 
no more nor lefs than a meer Stone, from whence it got the Name of 
Salpeter or Stone Salt. He adds again, that Nitre was of feveral Co- 
jours, as white, red, ruddy, livid, or lead Colour, and of every other 
‘Tinttore it was capable of: Furthermore, the Conftruction or Form of 
it was various; for fome of it was porous and {pongey; and fome of it 
on the contrary, was more clofely compacted, folid, bright, tranfpa- 
rent, brittle, glittering with {mall Sparkles, and crumbled with handling. 
From thefe Accidents they judged of its Virtue and natural Force, the 
one being much more powerful than the other in its Operations. This 
is what I have been able to collect, from the Teftimony of the beft re- 
ceived Authors, concerning the Mineral Nitre; amongft whom I do 
not find the leaft mention made of the Artificial Nitre now ufed by 
us, and which we properly call Saltpeter, Salnitre, or Halinitre. Bur 
whether this Ancient Nitre is entirely loft to .us (which however Sca- 
liger denies, Exoter in a Difpute with Czrdan concerning Subtility, 


Lib. xv. Exercit. 104. 15. befides its being commonly fold in 4fa and in 


Egypt, and according to fobn Pardo in a {mall Town in the Hertrurian 
Field, called the Valley of El/a, where it is found in great Plenty) or 
whether it does not reach us, it is difficult to pafs any certain Judgment 
concerning it, or to diftinguifh between the one and the other, I mean 
between the Old and the New, though you fhould compare the Virtue 
and Qualities of the one with the Effects of the other. Neverthelefs 
the learned Scakger ftrenuoufly maintains, in the Place I have already 
quoted, that this Ancient Nitre (if any of it is remaining) is not very 

different 


Book II. Of the Great Art of ARTILLERY. 


different from our Saltpeter, particularly if we confider it as to the Fine- 
nefs of its Parts which are very fubtile and aerial. I fhall here infert the 
following Words from him, becaufe they will not a Kittle contribute to 
the Proof of this Matter. For as Jome Salt is Fofil, fome extracted from 
Sea Water, fome from Springs, and fome from Afhes; or as Glafs is pro- 
duced from Stone or Flint, fo likewtfe may a Salt be naturally generated 
from Nitre; and accordingly it fprings out in Caverns, as we are told by 
Pliny. That which fboots out of the Surface is commonly concreted in the 
Form of Salt by the Heat of the Sun. But Saltpeter is fo far from being a 
Fofil Salt, as its parts are more fubtile, than the parts of either that or 
Nitre; for both Salt and Nitre are not fo univerfally confumed by Fire, 
but that fome Dregs remain after their Combuftion ; but Saltpeter is en- 
tirely abforbed by it. Wherefore the Fofil Salt is more terreftrious or earthy 
than the Nitre of the + Nitraria, and this Nitre than that which fprings out 
in Caverns. This Cavernous Salt is like a very fine Flower : But on the 
contrary muft not this be more earthy than that, becaufe it is lef aérial? 
And that more aerial than this, becaufe it is more refined in the Nitrariz 
than in Caverns? The fine? Particles of that which fboots out of the Sur- 
face are exhaled by the Sun; but in Caverns it ts quite otherwife. Muft 
not therefore the Cavernous Salt be more crafs or grofs, becaufe it is lefs re-~ 
jined? Fuft as green Fruits are more crude, than thofe that are ripened, 
and have imbibed the Sun-beams. The Fofil is more grofs than the Sea 
Salt, as well on account of its Coétion or Preparation, as of its Subftance. 
This is too Aqueous, and that is too Terreftrious ; and neither of them fo fub- 
tile as Saltpeter. There is a Moifture that is in fome degree natural to Ni- 
tre; but as it is a kind of fubtile Scum, it ts entirely devoured by Fire, 
And even as that Camphire which burfts through the Rind or Bark of the 
Tree is preferable to.that which is untimely taken out of the Matrix where 
it is formed ; fo that Nitre which fprings out of the Surface is the bef: 
That indeed which is generated in Furrows in the Clefts of Caverns is finer, 
if we confider it purely as toits Parts; but if you will make an Allowance 
for the Operation of the Sun-beams it muft be lefs pure. That which ad- 
heres to Rocks where st 1s dried up, (from whence it is called Saltpeter,) 
bears a great Analogy and Likenefs in Nature to Nitre itfelf, but it is more 
Aerial, and rather inclining to the old kind of Afronitre ; for we have fre- 
quently obferved a kind of Luftre of a glimmering Purple in the Shivers of 
Saltpeter. 

Thus by the Arguments of this great Man we fee, that there is as 
much difference between Nitre and Saltpeter, as there is between a per- 
fect and an imperfect Mineral ; between one that is pure and refined, and 
one that is rude and grofs; between what is fubtile and aerial, and what 
is.earthy and crafs; in fhort, as much as is between a Spirit and a Body. 
‘We may then conclude that Salrpeter is the nobleft kind of Nitre. That 
the fort in ufe with us, was not well known to the Ancients we fhall 

Z 


€a 
By Nitraria you are to underftand a Place where Nitre is refined or perfeted either by 
the Sus or by Fire, 
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call Pliny to witnefs, not to mention feveral others who would do the 
fame: For he openly and plainly calls that Salt which was naturally 
formed, on the Surface of Rocks, and in Caverns and deep Cavities of 
the Earth, the Flower and Scum of Nitre, and Saltpeter or Stone Salt : 
A little of this is {till found in fome Places, and in others none atall: It 
is generally met with upon old Walls and Ruins which are expofed to the 
Wer; but particularly in Cellars and Vaults, where Wine is kept, and 
in many other fubterraneous Places which are cool and damp: It near- 
ly refembles white Froft, or pure Flower, or fine Sugar, and is as white 
as Snow: The Virtue of this is very confiderable, as I myfelf have fome- 
times experimented. If you would prepare this Salt by the Rules of our 
Art, it muft be granulated into {mall Corns, and you will fee how ex+ 
aly it will affume the Form of the ancient Nitre which Pliny {peaks 
of, and which Scaliger defcribes above. But as it has been impoffible 
to get fufficient Quantities of this, to anfwer the continual Demand 
there has been of it, for the Service of fo many Wars, which have been in 
Agitation for fo long a time paft; and preyed upon the fineft Inheritan- 
ces of Princes, and wafted before our Eyes, the greateft part of the moft 
powerful Empires, and moft noble States of the Univerfe; Men have 
been obliged to feek out a new fort, to fupply the Defeat of the Old; 
which being with much Labour and Induftry taken from the Bowels of 
the Earth, it is purified, and wafhed feveral times, in order to feparate 
all terreftrious and grofs Particles from it, and to diveft it of its native 
Crudity. In fhort, it is cleanfed, and brought to.fuch a Degree of Per- 
fection, that it yields neither in Form nor Virtue to the Saltpeter of Pit» 
my, nor even to that of Scafiger. 

Therefore if I may have leave to declare my Sentiment as to this Point, 
I fhall (to remove all manner of doubt) infift upon it, chat Scakger meant 
no other Saltpeter, or Salt condenfed into a ftony Confiftence, than that 
whofe Ufe, artificial Preparation, Origin, &c. is familiarly known to 
us, and which we fhall fufficiently treat of in fome of the Chapters of 
this Book. It is not a fufficient Objection againft us to fay, that our Salt 
does not grow naturally and of its own accord, like that of Pliny which 
fprings out of the Surface of Rocks, and fills up the Clefts of Caverns, and 
the Apertures and Crevifes of old Buildings, where it is condenfed, con- 
creted, or petrified in little Furrows; for as Art is the very Ape of Na- 
ture, and fince fhe imitates her in every thing fhe is capable of; it muft 
not be thought ftrange if we with a litle of her Affiftance, and a large 
Portion of our own Induftry, attain to the Perfection of her Producti- 
ons, and (if I may fo fay) exceed by far her moft perfect and elaborate 
Works. Do we not fee a vaft Number of Mafterly Performances exhi- 
bited by excellent Artifts, after a long and affiduous Labour, which can- 
not poffibly be imitated by Nature, though the were to exert her Power 
to the utmoft? We may then conclude that our Pyrotechnic Salt, which 
bears down all before it, and forces its way every where, is very like the 
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Saltpeter of the Ancients, or ina Word, that they do not in the leaft 
differ from one another. For if fo ic be, that the Nitre of the Ancients 
was or is a Fofit), I am inclined to think it was much of the fame Na- 
ture with the Matter or Earth from whence we: excraét our Saltpeter ; 
which if it be prepared according to our following Method, I may ven- 
ture to affirm, that it will in every refpe correfpond with the natural 
Saltpeter, and by repeated Purgations, may become more pure and ex- 
quifite. In reétifying common Salt, and refining of Sugar, they are al- 
ways fineft after the laft Operation. But notwithftanding what I have 
been faying I thall prove by a plain Argument, that che Opinion of thofe 
who believe our Pyrotechnic Salt to have been newly invented, is not 
only abfurd but falfe likewife ; inafmuch as feveral creditable Authors fo 
highly and often commend the Inventor of Gun-powder; but fome- 
times {peaking of him in another Strain they load him with a thoufand 
Maledidtions, and deteft his pernicious and abominable Invention: Ic is 
not that they accufe him of having difcovered a kind of Saltpeter till 
then unknown, for the Ruin and Extirpation of Mankind; but of hav- 
ing hit upon a Compofition of certain Quantities of Nitre, (which was 
then commonly known) Sulphur and Charcoal mixed together, and of 
having introduced thofe thundering Engines of War, which they called 
Cannons, and what is worfe, of having handed this deftruéctive Inventi- 
on down to Pofterity. I however agree and believe, that Saltpeter was 
never ufed in the Compofition of Artificial Fire-works, before our Gun- 
powder was found out; but in procefs of time, and as our Days en- 
creafe in Experience, as well as in Number, People with Aftonifhment 
obferved the {trange Properties and horrible Effects of Gun-powder (of 
which Saltpeter may be properly called the very Soul) and perceiving 
that Fire diffipated and confumed it fo univerfally, and feemed to devour 
it with more Greedinefs than any other Matter whatfoever, they took it 
into their Heads, to ufe it in making Artificial Fire-works, and fo have 
continued to do to this Day. That which Nicetas Choniates, and Yo- 
hannes Zonoras relate concerning the Grecian Fire which was invented 
before the Reign of Conffantine Pogonatos Emperour of Greece, is not ve- 
ry repugnant to our Opinion: But there are thofe who affure us (though 
they are not much credited) that Marcus Gracchus was the Author of it, 
and to whom they attribute two forts of it, which we fhall {peak of in 
another place, juft as we find them taken Notice of in fome Arabick 
Books, which are the fame with thofe mentioned by Scaliger in his Exer- 
cit. CXKXXIII. Lib, XV. againft Gardan; in which I obferve, that a- 
mongft the many combuftible Matters they are compofed of, Saltpeter 
and Oil of Nitre are not moderately ufed, but in Proportion to the reft 
make up the greateft part. This I think we may fafely fay, namely, 
that the mixing of Saltpeter with other combuftible Ingredients is a new 
Invention ; or elfe (as it may be too rafh to doubt of what has been faid 
by fo many Authors of fuch great Probity, and who lived in fo great 
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Reputation) we may conclude that it was not commonly known, and 
that it was concealed as an extraordinary Secret ; which obliged Semi- 
maurus (as Scaliger has it} to fay, that it was perfectly miraculous, be- 
caufe of its ftrange and wonderful Effects, Idare not doubt but that 
the Ancients had their Judgment fo far enlightened as to know that 
Salnitre or Salepeter was of a very igneous Nature; for it is a very old 
Opinion (though to fome it may appear new) that though Saltpeter 
feéls cold to the Touch, and appears white to the Eye, yet that ir is 
very full of Red Spirits, and is naturally very hot and fiery. If we 
wanted Teftimony to prove this, the Holy Scripture, which is the pure 
Fountain of Truth, will furnifh us with it, by fpeaking {0 plainly of 
Fiery or Combuttible Salt, in the Paflage we have already quoted, But 
what furprizes me the moft is, that the old Romans (not to men- 
tion the Grectans and Carthaginians, who at all Times, and in all Things 
were their great Emulators) who were the moft perfect and beft verfed 
in Military Knowledge, of all the Nations which bore Arms in their Days; 
I fay, it is furprizing to me, that though in their Defences and Attacks 
of fo many confiderable Places, that either owned their Power, or were 
befieged by them, they made great ufe of Freworks, or burning Oil 
(which they called Naptha) Sulphur, Bitumen, . Pitch, Frankincenfe, 
feveral Ways prepared, Rofin, &c. yet never made any Account of Salt- 
peter, whofe Power and Efficacy far exceeds all thofe Things; whether it 
was that they preferred all thofe Drugs to it, or that their Engineers 
(which I dare not advance without trembling, fince Lipfusfays, pauca non 
babemus inventa ab evo illo meliore & fapientiore) were Strangers to the 
Nature and Properties of it, and confequently were not aware of the 
Service it might be of in their Frreworkt. However, it may not be un- 
likely that they ufed it, though they might keep it as a great and my- 
fterious Secret in their Pyrotechnicks, and never divulged it to thofe 
whofe Curiofiry might lead them to inquire into the Caufe of fuch 
wonderful Effects as they faw or heard of. Thus as it was only known 
to thofe who were immediately concerned in the Preparation of their 
Fireworks, neither Titus Livy, Cafar, Tacitus, Salluft, Polybius, Vege- 
tius, nor any other Hiftorians, {peak one Word of Salnitre, Nitre, or 
Saltpeter, in their Writings; though, among{t the famous and great 
Exploits of the Romans, they have defcribed their Machines, their 
Arms, and their Fireworks. It is certain that both Greeks and Romans, 
Arabians and Egyptians, ufed Nitre in feveral of their Medicinal Com- 
pofitions, if we may believe Galen, Hippocrates, Theophraftus, Avicen, 
Averroes, and the Writings of many other Authors. It has likewife 
been remarked in fome Writers, that Patrobius a Freed-man of Nero 
fent to Egypt for certain fine Sands, found near the Nile, which were 
rmpregnated with a gréat deal of Nitre, with which he ufed to whiten 
his Skin; and I believe it was fomething like what Ovsd {peaks of in 
a Diftich, by way of Advice to thofe of his Time who painted, 
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Nec Ceruffa tibi, nec Nitri fouma rubentis 
Deft & lirica que venit Iris humo. 


He here advifes them not to be fparing of Cerufe and Nitre, Ge. 


And again, a 
Thus ubi mifeueris radenti tubera Nitro; 
Ponderibus juftis fac fic utrumque trabent. 


This was perhaps a kind of cerrofive Compofition made of equal 
Quantities of Nitre and Frankincenfe mixed together, which he pre- 
fcribes for removing all Cutaneous Blemifhes, fuch as Marks of the 
Small Pox, Pimples, Freckles, &c. 

* The Egyptians feafoned their Horfe-radifh with Nitre, juft as we do 
our common Radifhes with Salt. The Macedonians mixed the Flower, 
with which they’made Bread, with a little of the Calj/trine Nitre, 
which was found in great quantities in the Quarries of Clytes in Mace- 
donia ; which was excellent Seafoning, and with which they falted their 
Meat. I believe I need fay no more to you upon this Head, and that 
what I have offered here, will change the Opinion you might have had 
concerning Saltpeter, if you before entertained any Thoughts about it. 
that were repugnant to ours; and I hope we fhall for the future be of 
one Mind with regard to this Faét, jointly: confeffing that our Pyro- 
technic Salt was very well known to the Ancients, and that it is very 
like their Nitre, before its being prepared; but being refined and puri- 
fied, it exactly anfwers to their Saltpeter. This being laid down, let 
us proceed to the Artificial Preparation of our Salt. But in the mean 
time, I prefume, it will not be taken amifs, that I clofe this Chapter 
with an Account of the Caufe why Saltpeter detonates or makes a 
Noife and Sparkling in the Fire, by way of Corollary from Scaliger a- 
gainft Cardan Lib. xv. Exercit. 24. as follows: Dit benefactunt Salipetra, 
&c. May the Gods ble/s our Saltpeter (cries he) which keeps from us thy dan- 
gerous and fiery Difficulties, though of itfelf tt be of the moff igneous 
Nature. Thou wouldft have us believe that Saltpeter retains many earthy 
Particles, becaufe it detonates, or makes a Noife in the Fire: But that 
can never be the Reafon, for if it was, Earth ought to detonate when heated 
by that Element ; which it does not. Is it then the Rarity of it? which 
Ariftotle calls yeuoryra and cougorura ; this I cannot think; for daily 
Experience fhows us, that Mafbrooms are filent on the Fire. . Is it then the 
Hardnefs or Soltdity of its Parts joined to its Rarity? This is not Likely, 
face the Pumice-ftone has not that noify Quality. Some other thing muft 
then be the caufe of the Detonation of Saltpeter when enkindled, The Di- 
vine Preceptor in the eleventh Section of bis Queftions, fays, That Salt- 
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peter makes a noife in the Fire, becaufe it contains a great deal of Moifture 
in it, which being highly rarified by Heat becomes meerly fpirttuous: It is 
thus I interpret avdpare). It contains rather Air than Water, which 
being violently expanded by Fire, becomes impatient of the narrow Bounds 
which confined it, when cobering in a more compatied Form; and therefore 
burfis open its Prifon; fo that the outward Air being greatly agitated by 
this Explofion, you confequently hear ‘that Clamour which ufually attends 
the burning of Saltpeter, and other Things wherewith it is incorporated. 
Let not this appear Arange; for Chefnuts, and Bay-leaves, as well as thofe 
of Funiper (and I beheve the Berries of them too) do the fame thing, 
which contain much Air and little Moifture. Ee is not fo with the Pumice- 
Stone, whofe Pores are all open and pervious, and confequently the ir in 
them muft be of the fame F enor with the circumambient Air. 


CHAP. I. 


The Method of preparing Saltperer from a Salnitrous 
Earth. 


T HE Earth or Matter that is productive of Saltpeter, is commonly 

_ found in great Plenty, in dark, fhady, and cavernous Places, 
which are equally guarded from the Heat of the Sun-beams, and from 
the Accefg of Rain, or any kind of frefh Water. It is likewife met 
with in Stables and other covered Enclofures where any fort of Cattle 
ate kept; and alfo in fuch Places where Men vufually difcharge their 
Urine. In fhort, it isto be found in Fields and other Scenes of Battle, 
where Heaps of putrified Carkaffes lay covered with Earth: Such Places 
as thefe have for many Years paft been ranfacked, where great Quan- 
tities of Saltpetrous Matter have been found, particularly in Wallachia, 
and in the Defarts of Podolia, between the Boh and Borifthenes : Upon 
which Account the Poles have been formerly obliged to war againft 
the Crim and Precopian Fartars, and what is worfe are at this Day 
involved in dreadful Confufions with the Cofacks, who have rebelled 
againft them. ‘ But, O God! be thou propitious to the Enterprizes of 
* our invincible Yobu Cafmir, by thy infinite Goodnefs King of Poland 
© and Sweden; infpire him, and conduét him in alt his Undertakings, to 
* the end that taking into his Hands the Reins of his Empire, which thou 
* haft lately committed to him, he may not be inclined to guide them 
* through the Paths of Clemency and Mercy ; (Ornaments much more 
* becoming a King, than the Severity of Punifhments;)but may his aveng- 
‘ ing and victorious Arms juiftly chaftife the Infolence, and mow down 


* the Heads of thofe turbulent Spirits, who though always born to Servi- 
4 tude, 
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© tude, yet like wild and reftif Affes, have always refifted again(t the 
© Spur, and formerly refufed a Submiffion to the mildeft Laws of their 
« Sovereigns ; and now not contented with a Profpect of Liberty (a Hap- 
‘ pinefs too refined for their rude and barbatous Tafte) they meditate I 
¢ know not what Empire over others. May he extirpate the Generation 
€ of them, and when his juft Severity fhall have fubdued them, may he 
* deprive them of all Hopes of Forgivenefs, and make them dearly pay 
* for their perfidious Rebellion: In fhort, after having heaped dead Car- 
* kafs upon dead Carkafs, and made difmal Burial-Places of that vile Race, 
* (obliging them at once to groan under the Yoke oftheir own Ruin, and 
© the Weight of our Earth, after the manner of the Giants whom ¥upiter 


© overwhelmed for a Crime of the like Nature) may we add the Hills of » 


© thefe newly-deftroyed Carkaffes to the old ones, whofe faithlef{s Foot- 
‘ fteps they purfued. From thefe Monuments of Mortality and juft Ven- 
* geance will Pofterity have ample and glorious Subject, whereon to 
* yield immortal Thanks to the Heroic Virtues of fo powerful a King, 
* when they thall with Aftonifhment behold theTrophies of fo compleat 
* a Victory, infinitely furpafling thofe famous Pyramids erected of old by 
* the Vanity of Memphis, and which pafled for Wonders amongit the An- 
* cients. From hence likewife, from the Putrefaction of thefe Rebels, 
© may be extra¢ted Saltpeter, wherewith to make thunder-imitating 
* Gun-powder, the Stench of whofe Smoke fhall have the fame Effect 
* upon the Remains of that ungovernable Race, if ever they revive fuch 
« fatal Commotions, as the offenfive Effuvia of the burnt Body of one 
* Bug have upon its Survivors, which, according to Naturalifis, deftroy 
‘ or deprive them of their noxious Qualities ; like thefe therefore thall 
© they all be deftroyed, or being difarmed of their inveterate Untractable- 
« nefs, be obliged to live peaceably under the Yoke of the Prince, whom 
« Heaven thall fet over them; or elfe taking a diftant Flight with fuch ag 
‘ are Enemies to their Country’s Quiet, and dreading the Punithments 
* they may juftly expect ; lofe all Inclination, and never once entertain 
* the leaft Defire of returning home again. ’ Thefe are the Vows, and 
this is the Prayer, which the Fidelity I bear to my Prince, and the 
Love I have for my Country, have dictated to my Pen; and which J 
hope the great Lord of Hofts will bring to pafs, if he fees ic will 
contribute to the Glory of his Holy Name. But I forget how infenfi- 
bly I ftray from my Subject; let us therefore refume it, and confider 2 
little on the Methods of trying the Goodnefs of Salnitrous Earth. 
There are three ways of doing it, from which you may determine 
with a good deal of Certainty, with regard to the Soil from whence 
you would extract Sa/tpeter; and which are the moft practifed by Per- 
fons concerned in this fort of Work. | 
The Firft as follows: Take a little of the Earth, which you inaa- 
ging tq be productive ef Saltpeter, and put it upon your Tongue; if 
it 
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it bites a little fharply, it is a Sign your Labour will not be in vain; 
but if on the contrary it is flat and a little corrofive, I would not ad- 
vife you to throw away your Time and Mouey about it. 

The Second, is by making an Hole in the Earth, and throwing into 
it a Piece of red-hot Iron; which done, you muft ftop the Hole clofe 
up, ‘till the Iron is cold; and if upon taking it out again you find any 
Spots or Marks about it of a Lemon or whitifh-yellow Colour, you 
need not doubt of the Goodnefs of it. 

Thirdly, You may make the Experiment by throwing a litcle of the 
Earth upon burning Coals, which if it makes a noife or crackling and 
emits bright Sparkles, you may depend upon it, that it will anfwer 
your Purpofe. 

Having by one, or all thefe Tryals, been convinced of the Goodnefs 
of the Soil, whence you propofe to extract your Saltpeter, dig up what 
Quantity you want, and let it at once be carried to fome convenient 
Place. Then get a good {tore of Wood, fuch as Oak, Ath, Elm, Maple, 
or any other hard kind of Wood, which you muft burn, and preferve 
the Afhes. Then take two Parts of thefe Afhes, and three of Quick 
Lime, and incorporate them well together, and fet this Mixture afide 
for the Ufe I thall hereafter mention. In the mean time get a large 
Tub or any wooden Veffel wide at top; and in the Bottom of it bore 
an Hole of an Inch or two Diameter; let this Hole be covered with {mall 
Twigs wrought in fafhion of’ a little Hurdle, and then sftrew the Bot- 
tom of the Vefiel all over with clean and whole Straw, not excepting 
the little Hole. This Veffel being prepared after this manner, place 
it fo that a {mall Veffel may ftand under it, to receive the Liquor which 
fhall run from the upper one. Then begin with putting a Stratum or 
Layer of your Saltpetrous Earth in the Bottom of your Vefiel, to the 
Height of a Palm, or the Thicknefs of 3 or 4 Inches, which before 
you do this, muft be dried a little in the Air: Then upon this Earth 
put a Layer of 3 or 4 Inches deep of your Compofition of wood Athes 
and Quick Lime; and upon that; another Layer of your Earth, of the 
fame Thicknefs with the former, and upon that again another Layer 
of your Compofition ; and fo on alternately a Layer of Compofition up- 
on a Layer of Earth, and a Layer of Earth upon a. Layer of Compo- 
fition, Stratum fuper Stratum, till you are come within 3 or 4 Inches 
of the Brim of your Veffel, which Space you muft leave for the Water 
which is to be poured upon it. This done, pour as.much frefh Water 
upon it as you think needful; or to the Height of 3 or 4 Inches above 
your Ingredients ; which as it penetrates and paffes through the Mats 
of the Matter, contained in the Veffel, will diftil Drop by Drop through 
the Hole in the Bottom of it, into’ the Recipient that ftands under it, 
and you will have a Salnitrous Lixivium or Lye, in proportion to the 
Quantity of Water you fhall have poured upon your Ingredients: If 

you 
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you think it too little, you muft repeat the Operation, fo that the Wa- 
ter pafling through them a fecond time, you may have the more of the 
Salnitrous Particles which the Water will bring away with it. 

This being done, pour out the Lye in your Recipient into. fome Pot 
or Boiler of fufficient Capacity, and make it boil at firft over a flow Fire, 
and after that over a {trong one till a third of it is evaporated or wafted ; 
then pour in again as much of the fame Lye as will fill up the Boiler, 
and let it evaporate as before, and fo continue to do till all your Lye 
has undergone this Ebullition: You muft take care to fcum the Lye 
whilft it is boiling with an Iron or Copper Scummer full of Holes. In 
fhort, the Lye being thus boiled, {cummed, and cleanfed from all its 
Filth, you may take it from off the Fire, and pour it into fome Wooden 
Veffel; then covering it up clofe, let it ftand till it is cold and fettled, 
fo that all the grofs and earthy Particles in it may fubfide to the 
bottom. 

After this, take the Veffel, and, by Inclination, pour out the clear 
Liquor only into a Boiler, as you did before, taking great Care that 
none of the Sediment runs in with it; and put it again upon a hot Fire, 
and let it boil till it is half evaporated, or till it begins to thicken, or 
till putting fome Drops of it upon a Piece of rough Marble, or an Iron 
Plate, it is perceived to coagulate or chryftalize. 

Then taking it from the Fire, let it cool a little, and pour it into 
Wooden Veffels that are broad and fhallow, to the height of 2 or 3 
Inches only, or thereabouts. After having covered thefe Coolers with 
Canvas, or coarfe Cloth, let them be carried into fome fhady retired 
Place, where, after 3 or 4. Days, you will find the Sa/tpeter concreted in 
little Furrows, like Chryftal, fticking to the fides of the Veffels, or to 
little Sticks with the Bark ftript off of them, and indifferently put into 
the Coolers before the Liquor was poured into them. Then carefully 
colleét all the Sa/tpeter, and put it into any Vefiel which is proper to hold 


it and preferve itdry. Then boil the Lzxivium or Lye remaining in the 


Coolers over again, not forgetting to feparate from it the Sediment at 
bottom, which may be laid afide for another Ufe. 

If it happens to boil over, throw into it a little of other Lye, made 
of three Parts of the Afhes before mentioned, and one of Quick Lime, 
in every 100 ib Weight of which you mutt diffolve 4 :: of Roach Allum ; 
and it will be neceflary that you fhould have this Lixivium ready by you. 
Thus by throwing a little of this into the Boiler from time to time, as 
often as the Liquor rifes, you will fee it immediately fall, and the com- 
mon Salt and Earthy Particles will precipitate to the Bottom. 

The Earth remaining in your Veffel after all the Lye has paft through 
it, muft be put into fome covered Place, where neither the Sun-beams, 
Rain, nor any kind of Water, can come near it, (though it is proper it 
fhould be frequented by Men er any Animals) where it may be {catered 
or {pred to the height of a Foot. Then over this may be laid the Dung 
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of any kind of Cattle to the height of 2, 3 or 4 Feet. Then take all 
the Filth, Scum and Sediment, which you fhall have feparated from your 
Lye, during and after its Ebullition, together with what Liquor re- 
mains, after you have extracted what Salpeter you can from it after re- 
ated Boilings(feparating from it the Terreftrious Matter and the com- 
mon Salt, which fubfide, and which are good for nothing) and {cat- 
ter or fprinkle them over your Dunghill, and every Day throw as much 
human Urine upon it as you can get; by doing which, your Soil will be 
as much impregnated with Sa/tpeter as it was at firft, if not more, and 
which you may eafily extract after the Method we have here given. 


CHAP. IIL. 
Flow to clarify or refine Saltpeter. 


oe. it is a received Opinion that Gun-powder ought to hold 

the firft Rank of all thofe Things that are ufed in Pyrotechnies ; 
and inafmuch as its powerful Force, and fupernatural Effects, cannot be 
attributed to any moving Caufe which is more active or ftrong than itfelf; 
and imagining that its chief Energy confifts in a Separation of all grofs 
and ftrange Matter from its purer Particles; I thought it not enough, 
barely to extract this Sa/t from a Saltpetrous Earth, but alfo to purge 
and cleanfe it twice or thrice, or oftner if need be, that you may have ic 
in the higheft Degree of Perfection; and this you may do by two Me- 
thods. 

The Firft. Be there taken as much Saltpeter as fhall be thought fit, 
and put into a Boiler, then let there be as much frefh Water poured up- 
on it as may be fufficient to diffolve it; on which muft be poured a 
Quantity of that Lye, made by an Infufion of Afhes, Quick Lime, and 
Roach Allum, which we have already mentioned; let all this be boil- 
ed together till the Sal/tpeter is all diluted, and entirely reduced to 
a Scum or Froth. This done, let there be ready a Wooden Veffel, of 
fufficient Capacity, which muft be placed in fuch a manner, that ano- 
ther may be fet under it, the Bottom of the uppermoft being perforated 
as beforc, and which Bottom muft likewife be covered with fine, clean 
wafhed Sand, to the thicknefs of 3 or 4 Inches; over which fpread a 
Piece of coarfe Linnen Cloth. Then take the Liquor in the Boiler, and 
pour it into the upper Veffel, which will diftill Drop by Drop into the 
Recipient beneath; and being thus ftrained through the Sand, covered 
with a coarfe Cloth, it will leave all its grofs and ufelefs Particles behind. 
Afterwards pouring it out of the Recipient into the Boiler, let it boil 
again, 3s before, till it is ready to coagulate; then put it into broad and 
fhallow Coolers, as we faid in the foregoing Chapter, and let it — at 

leifure 
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leifure in fome retired Place; and in two or three Days you will have 
your Saltpeter chryftalized much purer and finer than at firft. Ifyou 
would go on to refine it, repeat this Operation fome few times more, 
after the fame manner as we have proceeded in this firft Purgation. 

The other way of refining it is thus. Put your Saltpeter into a 
Boiler, made either of Copper, Iron, or glazed Earth; then fet it on a 
flow Fire, which muft be quickned by degrees till all the Salt is fufed or 
melted, and boils up in great Bubbles; then take a little common Sul- 
phur well pulverized, and throw it upon the liquified Sa/tpeter, which 
will inftantly take fire, and confume all the oily and vifcous Humour, 
together with all the drofly Sale which had been impregnated with the 
Saltpeter before its Clarification: This you may repeat feveral times till 
all thofe foreign Particles are entirely confumed. In fhort, the Sa/f- 
peter being well liquified and cleanfed, you may pour it out upon po- 
lifhed Marble, or upon Plates of Copper, Iron, or glazed Earth, and 
it will be condenfed to almoft the Colour and Confiftence of white 
Marble, or of pure and perfect Alabafter. 


CHAP. IV. 


How to reduce Saltpeter #@ @ Flower. 


ee Saltpeter having been refined, muft be put into a Boiler, 
over a {mall Furnace upon burning Coals; then inceffantly blow 
the Fire till ic arrives to that Degree of Heat, that all the Moifture of 
the Saltpeter is evaporated in Fumes, and that it has attained a perfect 
Whitenefs. But in drying it after this manner, you muft take Care to 
ftir it continually to the very bottom with an Iron or Wooden Spatula, 
left it fhould return to its firft Form. This done, pour fine, clear, 
frefh Water upon it, till it is covered; and when it is diluted and has 
acquired the Confiftence of a denfe Liquid, keep inceffantly ftirring it 
as quick and as faft as you can, till all the Moifture is evaporated ad fic- 
citatem, and that it is all reduced to a very fine, white and dry Flower. 


CHAP. V. 
The manner of preparing Saltpeter with the Flower of Wall. 


G ET together a Quantity of that fine Flower which is commonly 
found upon the Surface of old Walls, that are in damp and fubter- 
raneous Places: You may alfo get fome of that Sale, which frequently 
adheres to Lime, or the Ruins of old Buildings; which, Peter Sardz 
I fays, 
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fays, he found to anfwer very well at Bruffels in Brabant, in Book III. 
Chap. xxix. of his Artillery. You mutt firft make a Lye of Quick Lime 
and common Water, which muft be fined as ufual; then having put 
your Flower or Saltpeter in a Veflel, with an Hole in the bottom of it, 
and ordered it in the fame manner as we have directed in the fecond 
Chapter of this Book, throw your Lye upon it, and mix it well with 
a Stapula till the Saltpeter is all diluted; let this Liquor drop into the 
Recipient that ftands beneath, and being all drained off, pour it into a 
Boiler, and heat it by flow Degrees over a Fire; then make it boil till 
it has acquired a fufficient Denfity, and that it will eafily coagulate; 
then go on with your Procefs in the fame manner I have direéted 
above. 

There have been even filly Girls who have had fome Notion of this 
kind of Sa/#: AnInftance of which we have from Valerius, Lib. 1. Cap.i. 
where he fpeaks of a Difciple of the Virgin Emzlia, who paying her 
Adoration to the Goddefs Veffa, had put fome fhreds of fine Linnen up- 
on a Chafing-difh, which, though the Fire in it feemed to be quite ex- 
tinguifhed, broke out into pure and lively Flames. Now the Reafon he 
gives for it is this; (fayshe) we muft believe that this good Lady had 
put Scrapings of fome old Wall, (or Flower of Wall as we call it) into 
this Linnen, and laid it upon warm Afhes, or elfe fprinkled them over 
with fome of it, which broke out into thofe Flames, and produced that 
Effe&t; which raifed the Wonder of thofe who knew not the Caufe 
of it. 

Furthermore, it fometimes happens that Fire takes hold of the Walls 
of certain Buildings with fuch Subtility, as to aftonifh one, as if it 
were a Prodigy. This Cardan, (Lib. X. of Varieties, Cap. xlix.) attri- 
butes to the Salt, which ufually adheres to the Surface of Walls, and 
Ruins of old Buildings. 


CHAP. VI. 


How to prepare Salprotic, or Pulvis Fulminans, 


ake of Saltpeter, two or three times clarified or refined, a cer- 
tain Quantity of Pounds, to each Pound add of Sal Armoniack 3 y, 

and of Camphire3{s, and mix them all well together in fome Brafs Veffel ; 
then pour upon them good Brandy, till they are covered with it to the 
height of 2 Inches. Boil them upon a quick Fire till all the Moifture is 
evaporated; then taking it from the Fire, put what remains into an un- 
glazed Earthen Pot; cover it, and hang it up, placing under it a glazed 
Earthen Plate or Difh, into which you muft carefully fcrape a certain 
fine whitith Subftance, very much like Flower of Wall, which will ap- 
pear 
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pear upon the outward Surface of the Pot; you muft continue to gather 
this white frofty Subftance as faft as it penetrates through the Veffel that 
contains it. In fhort, having got together all of it that will perfpire 
through the Pores of the Pot, put it carefully up in fome dry Place till 
you want it. 


CHAP. VII. 
How to prove the Goodue/s of Saltpeter. 


put fome Sa/tpeter upon a Wooden Table, or fome {mooth Board, 
and fet fire to it with a live Coal, and obferve the Effects of it. 

If in burning it makes the fame Noife as common Salt does when it is 
thrown upon the Fire, it will be a Sign that it is ftill impregnated with 
a good deal of common Salt. 

If it yields a greafy thick Scum, it is a Sign that it retains many vif- 
cous Particles. 

If after its Combuftion there remains any Filth, or Drofs, upon the 
Board, it is a fure Token that it contains a great deal of Earthy Matter. 
In fhort, the more Dregs or Phlegm is left after the Combuttion of the 
Saltpeter, fo much the more impure and grofs muft you judge it to be, 
and confequently the lefs active. 

But if, on the contrary, it breaks out into a long bright Flame divi- 
ded into feveral Rays, and the Surface of the Board is free from any 
Drofs; or if it be confumed to a pure Coal without any Scum; if ic 
took fire without any great Noife, or violent Detonation; you may con- 
clude that the Sa/tpeter is well cleanfed and perfectly well prepared. 

Fofeph Furtenbach affures us, in his Artillery, that it is an infallible 
Sign of the Excellence of Saltpeter, if after the fecond Clarification, 
(according to the Prefcription in the third Chapter of this Book, which 
is the ufual Way of doing it) it lofes 4 fb in 100 ib; and confe- 
quently after having been purified over again, according to the other 
Method laid down in the fame Chapter, you will find it diminifhed 4. tb 
of its Weight, as before, 


Cc CHAP. 
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CHAP. VII. 


The true Method of purifying Saltpeter, and of separating 
from it all noxious and fuperfluous Matter; fuch as com- 
mon Salt, Vitriol, Allum, aud all grofs and vifcous Hu- 
mours. 


T4 KE 2 I6 of Quick Lime, 2 16 of common Salt of Verdigreafe, 
1 Ib of Roman Vitriol, 1 tb of Sal Armoniac. Pulverize them 
all together, then put them into fome fhallow Wooden Vefiel, and pour 
upon them a good Quantity of Vinegar or Wine; or, for want of either 
of them, you may ufe clear frefh Water; and thus make a Lixivium or 
Lye, which you muft leave to fettle and fine of itfelf for three Days. 
Then put your Sa/tpecer into a Boiler, and pour as much of this Lye 
amongft it as will cover it; fet it upon a gentle Fire, and let it boil till 
one half of all the Liquor is evaporated; then take it from the Fire, and 
pour what remains gently into another Veffel, and feparate from it all 
the Dregs and Filth which funk to the bottom of the Boiler. This 
done, let this Saltpetrous Liquor cool, and go on with your Procefs, 
according to the Rules we have prefcribed in the third Chapter of this 
Book. 


CHAP. IX. 


How to purifie common Sulphar. 


Pe APERIEN CE plainly evinces that not only Salpeter is full of 
Earthy Matter; but that Su/pbur alfo is not free from a grofs, oily 
Humour, which Qualities are as noxious and prejudicial, as they are 
common to both the one and the other of them; therefore if you would 
have the pure Quinteffence of thefe Ingredients, you muft alfo purifie 
Sulphur, in order to exalt its Nature, and make it more fiery and 
aerial. In doing of which proceed as follows. Melt what Quantity you 
want of common Su/phur in an Earthen or Copper Veffel, over a flow, 
clear Fire; and, with a Spoon, gently take off all the Scum and Drof 
that fwims on its Surface; then take it off, and filtrate ic through a fine 
Linnen Cloth into another Veffel, {queezing it out pretty lightly. Thus 
all the Dregs and Oil of the Su/phur will remain in the Cloth, and you | 
will have your Sulphur pure and clean after this Filtration, There are 
fome 


Book Il. Of the Great Art of ARTILLERY. 


fome who, after having fufed the Su/phur, and taken it from the Fire, 
have added to it a certain Quantity of Quickfilver, and then ftirred them 
about as faft, and incorporated them together as well as poffible, which 
they have continued to do till cold, that they might be the more 
clofely and univerfally united; from whence we mutt believe that the 
Defign of purifying it, is not only to: render it more violent and active, 
but alfo that it may be the more volatile and fubtile. There are others 
who, when their Su/phur is melted, mix Glafs finely pulverized with 
it, and pour Brandy upon it, together with fome Pieces of bruifed Al- 
lum, imagining That greatly contributes to the refining of Sulphur. 

You may know the Goodnefs of Sudpbur by preffing it between two 
Iron Plates; for if in running it appears yellow like Wax, and emits no 
fuffocating Scent, and if what ftays behind is of a reddifh Colour, you 
may conclude it to be natural and excellent. It is obferved, that Fire 
is fo fond of Sulphur, and that reciprocally, Sulphur takes fuch Pleafure 
in being devoured by that Element, that if any Bits of it happen to lye 
about any Wood, fo as they can feel the Heat of it, they feem to call it 
to them, and really attract it fometimes. ‘There is another kind of 
Sulphur which does not burn like the reft,and is not attended with any 
bad Smell, but being put upon the Fire melts juft like common Wax. This 
fort of it is found in great abundance in Ice-/and near Mount Heela, 
and in Carniola; as Libavius relates in the firft Part of the Apocap. Hermet. 
Now this Sulphur is commonly red, as is alfo that which is found in the 
Streights of Heildefheim, (as Agricola writes, Lid. 1. de Eff. Terr. Cap. 
xxii. from the Teftimony of Fob. Fonfton, Adm. Nat. Claf: 1V. Cap. xiii.) 
where it is likewife of feveral Colours, as pale, yellow, and green, and 
generally adheres to the Surface of Stones and Rocks, and may eafily 
be broken off and collected. ‘That which is perfeétly yellow is the beft. 
We call that Sulphur vivum or Quick Sulphur, that has never been con- 
cerned with Fire; others call it Virgin Sulphur, becaufe the Women and 
Girls in Campania ufually make a kind of Paint of it to beautifie the Face. 


CHAP. X. 


How to reduce Saltpeter to an Oil. 


LE T there be put upon a Table, or Plank of Fir, that is well dried 
and planed, a certain Quantity of purified Sa/fpeter; then under 

the Plank or Table let there be fet a Brafs Bafon, and under that fome 
burning Coals; when the Fire melts the Sa/tpeter, you will fee a Sub- 
ftance perfectly like an Oz/ flow from it, which will penetrate through 
the Wood, and drop into the Bafon that is underneath. You may con- 
tinue this Operation till you have enough of this Oz/, provided that from 
time to time you add freth Supplies of Sa/tpeter. 
I CHAP. 


99 


1 Cole) 


Of the Great Art of ARTILLERY. Boox II. 


CHAP. XI. 
How to prepare Oil of Sulphur. 


"LAKE a good Quantity of purified Su/pbur, and melt it upon a 

gentle Fire, either in an Earthen or Copper Veffel. Then take of 
old red Tiles that have been ufed in fome Building; but if you cannot 
get fuch, take new ones that are thoroughly burnt, and have never been 
wet; break them into Pieces of the bignefs of a Bean, and throw them 
into the liquified Su/phbur; mix them well together till the Pieces of 
Tile have abforbed or imbibed all that Liquid; then put them into an 
Alembick, over a diftilling Furnace. Thus you will have a Chymical 
Extraction of your O7/, which will be excellent, very combuttible, and 
proper in the Compofition of artificial Fire-works. 


ANOTHER METHOD. 


Take a Matrafs (the Fig. of which you have N® 14.) and fill about 
a third or fourth Part of the Belly of it with Sw/phur finely pulverized, 
pour into it Spiric of Turpentine, or Oil of Walnuts, or of Juniper, till, 
what with the Su/pbhur and the Liquid you pour upon it, you have half 
filled the faid Matrafs; then fet it upon hot Afhes, and let it there con- 
tinue 8 or g Hours, and you will foon after fee that the Spirit of Tur- 
pentine will turn the Su/phur into a red Oil, which will be as fiery and 
combuttible as the former. 

There are thofe who ufe the following Ingredients in the Preparation 
of Oil of Sulphur to make it the more igneous (viz,) of Sulphur 1 IB, 
of Lime Ib fs, of Sal Armoniac 3 iii). 

Befides this, the Chymzffs have a way of preparing a certain O7/ of 
Sulphur (which they call a Balfam) whofe Virtues are fo admirable, as 
to prevent Putrefaction in any living or dead Body; and preferve them 
in fo perfect and found a State, that neither the pernicious Influences of 
the Heavenly Bodies, nor the Corruption caufed by the Elements, nor 
even that which might naturally proceed from the very Principles of 
them, can in any degree impair or alter the Symmetry of fuch dead Bo- 
dies as are embalmed with it, nor of thofe that have been anointed with 
it whilft living. They prepare alfo a certain kind of Fire (as Tritheizins 
tells us) with the Flower of Su/pbur or Brimftone, of Borax, and Bran- 
dy, which will burn many Years without extinguifhing. There are 
others who have a way of preparing a Lamp filled with fome fuch Oil 
as this, which makes thofe it gives Light to appear without Heads, 
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CHAP. XIL 


The Method of preparing a Mixture of Oil of Sulphur, with 
Oil Saltpeter. 


AKE equal Parts of Su/phur and Saltpeter, and incorporate them 

well together, then reduce them to a very fine Powder, and let 
them be fearced: Put this Powder into an Earthen Pot that has never 
been ufed, and pour as much White-wine Vinegar, or Brandy upon it, 
as will be fufficient to cover it. Then lute up your Pot fo clofely that 
no Air can poffibly enter in, and fet it in fome warm Place, where let it 
remain till the Vinegar is quite digefted. Then take what remains in 
the Pot, and extra the O7/ from it, with fuch Chymical Inftruments 
as are proper for the Operation. 


CHAP. XIII. 


How to prepare Charcoal or Small-Coal for the U/e of Gun- 
powder, and for other Ufes in Pyrotechnics. 


IN the Months of May, or ‘fune, when all forts of Trees are eafily 

ftripp’d of their Bark, and more fappy than at any other time of the 
Year, cut down a good Quantity of Filberd, Hazel, or Willow Wood, 
of two or three Feet long, and half an Inch thick; throw afide all their 
ufelefs Branches and hard Knots: then ftripping off the Bark, tye them up 
in little Bundles or Faggots, and dry them in an hot Oven: which done, 
put them all upright in fome even Place, and fet fire to them; and as 
foon as you perceive they are thoroughly lighted and inflamed, cover 
them up quickly with wet Earth, which fhall have been moiftened for 
that purpofe, fo that the Fire may have no manner of communication 
with the outward Air. The Flame being thus ftifled, and totally fup- 
preffed, you will have your Coa/ pure, and gntire without Afhes, In 
twenty four Hours you may take it up, and lay it afide to be ufed in 
fuch Compofitions as we fhall mention hereafter. If it happens that 
you cannot get a fufficient Quantity of Willow or Hazel to make your 
Coal with, you may make it of Lime-Tree Wood. 

But if you fhould not want any great Quantity of Coa/, you may take 
Twigs of the Wood I have been mentioning, or ‘funiper, and cutting 
them into little Splinters, and then drying them well; put them into 
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an Earthen Veffel well luted with Clay ; and encompaffing it all round, 
and covering it a-top with burning Coals, let ic continue in that State 
for the fpace of an Hour, taking care all the time to keep the Fire in an 
uniform Degree of Heat. This done; let it cool at leifure, and take 
out your Coal. There are thofe who take Pieces of old Linnen well 
wafhed and dried, and then burn it after thismanner. The Virtues and 
Properties of this are not to be defpifed by the Pyrotechnician. 


CHAP. XIV. 
How to prepare Pulvis Pyrius, or Gun-powder. 


TH E Compofition and Preparation of Gun-powder is not only very 

well known to fuch as are profefled Pyrotechnicians, but likewife 
to many of thofe who never make ufe of it but for Mufquets, Piftols, 
and {uch light Fire-arms. Nay, what is very odd, the very Peafants in 
our Country have learned to make it with their own Hands, without 
the help of any artificial Engines, or Chymical Apparatus. For (and 
I think it will not be very improper in this Place, to make the Digref- 
fion) I have feen many of the Inhabitants of Podolia and Ukrania, whom 
we now call Coffacks, who make their own Powder, after a Method en- 
tirely contrary to the Praétice of our Pyrotechnicians. For Example, 
they put certain Quantities of Saltpeter, Sulphur, and Charcoa] into an 
Earthen Pot (the due Proportions of which they have attained to by 
long Ufe) then pouring frefh Water upon them, they boil them over a 
flow Fire, for two or three Hours, till all the Water is totally evaporat- 
ed, and that their Compofition is become very thick; then taking it out 
of the Pot, they dry it in the Sun, or fome warm Place, ina thing like 
a Frying-pan. They then pafs it through a Hair-fearce, and make it 
into very {mall Grains. There are others of them that pound their 
Compofition, and incorporate it in an Earthen Porringer, or grind it 
upon fome {mooth polithed Stone; then moiften it, and corn it, and 
bring it to fuch a degree of Perfection, that it ferves them as well as if 
it had been prepared by the moft ingenious Artift in the World. 

It will therefore be to little purpofe to dwell upon this Article, or to 
give a detail of the Preparation of our Powder; {fo I thall only prefent 
you with fome excellent and approved Compofitions for the making of 
three forts of Gun-powder. 


Compo- 
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Compofition for Compofition for Compofition for 
Cannon- Powder. Mu/quet- Powder. Piftol- Powder. 


I. I. I, 
Of Saltpeter - 100lb{OF Saltpeter ~ 100 16.\Of Saltpeter - 1008. 
Of Sulphur ~ - 26 %bJOf Sulphur - - 18 1b.JOf Sulphur - - 12 Ib. 
Of Charcoal - - 25 1b.|Of Charcoal - - 20 th.|Of Charcoal - - 16 tb. 
2 Z, 2. 
Of Saltpeter - x00 t.JOf Saltpeter - 100ltOf Saltpeter - 1001. 


Of Sulphur - - 20lblOf Sulphur - - 15 1b.JOf Sulphur - - 10th. 
Of Charcoal - - 2416.{Of Charcoal - - 18 it.JOf Charcoal - - 8 ib. 


As you pound or grind your Mixture of Cannon or Mufquet Powder, 
you may fprinkle it gently with frefh Water only, or Vinegar, Urine, or 
Brandy. But if you would have your Piftol Powder ftronger than ordi- 
nary, you muft now and then fprinkle your Compofition whilft it is in 
the Mortar with the following Liquor; or with Water of Orange, Citron 
or Lemon Peel, diftilled with an Alembic or any other Chymical Organ, 
and let it all be well pounded or ground for the {pace of 24 Hours; then 
corn it very finely. 

Now this Liquor is made of 20 Meafures of Brandy, 12 Meafures of 
Effence or Spirit of White-wine Vinegar, 4 Meafures of Spirit of Ni- 
tre, 2 Meafures of common Water of Sa/ Armontac, one Meafure of 
Camphire diffolved in Brandy, or pulverized with Sulphur, or in thort 
reduced to an Oil, with Oil of {weet Almonds. 

In the fecond Part of our Artillery I thall give you the Figure of the 
Hand-Mill which is ufed in making Gua-powder, together with a great 
many other Machines and Engines, which are ufually referved in Arfe- 
nals and Magazines of rtillery. 

It is a ftrange and moft aftonifhing Property of Gun-powder, that it 
fhould have a more violent Effeét when corned, than when in a fine 
Flower or Meal; the Reafon of which I fhall leave to the Difcuffion of 
thofe, who make it their particular Bufinefs to infinuate themfelves into 
the wonderful Secrets of Nature. I content myfelf with having been 
taught by long Praétice; that if in any Gun the Powder be rammed 
down too hard, fo that the Corns of it lofe their Figure, or are in the 
leaft pulverized, it will by chat means be divefted of much of its Force, 
and will not drive out the Bullet, with that Violence it would have been 
capable of, if it had been gently pufhed down to the Bottom of the 
Piece ; and we have fometimes obferved, that its Power has been fo far 
diminifhed by this means, that it has hardly been able to overcome the 
Refiftance of the Bullet, and diflodge it from the Piece. The fame 
thing happens if Powder is wet, which being thereby deprived of its 
Expulfive Force, burns lazily and without Effect; fo that if any Piece be 
charged with it, and you fet fire to it, it will be fo far from being able 
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to drive out the Ball that it will all burn out at the Touch-hole. How 
it comes to pafs that Gun-powder, by being bruifed, and reduced to a foft 
Flower or Meal, lofes thus its Virtue and Activity; muft be owing to the 
Rays of Fire, which though it be the moft fubtile and active of all Ele- 
ments, yet is not fufficiently fine to penetrate and enkindle at once a hard 
compacted Body at the very Moment it feizes upon it. This Affertion 
needs no Proef to confirm it; for Experience fhews us, with regard to 
Metals, that the more folid and hard they are, the lefs eafily are they 
acted upon by Fire; on the contrary, fuch as are more porous, and loofe- 
ly compacted, are quickly heated; which is to be attributed to the Large- 
nefs of their Pores, which readily admit the Fire. This may be applied 
to Gun-powder ; for when it is rammed and compelled into a folid Bo- 
dy, the Fire not meeting with Interftices proper for its immediate Con- 
veyance through the whole Mafs, it is obliged to confume it by degrees, 
as long as any of it remains, except it be fuffocated. Something of this 
kind may be faid of Powder that is fcattered about, and is not gathered 
together before it is fired; but neverthelefs with this difference, That in 
this Cafe the effential Strength of the Gux-powder, or rather the Fire in 
it, is not any way diminifhed, but its Action is ineffectual becaufe of the 
Diftance of its Parts; it aéts in this Cafe by a Succeffion of {mall Acti- 
on, which might have been confiderable if collected together into one 
Aét. Thofe who are but little verfed in Pyrotechnics, may have expe- 
rienced the Truth of what I have here faid. The Reafon I have gi- 
ven why Powder when it is corned is more active and powerful than 
when pulverized, may ferve in fome meafure to clear up that Difficulty ; 
add to which, the Virtue of the Sa/tpeter feems to be much more united 
with the Su/phur and the Charcoal when in a clofe Corn, than when 
meal’d or pulverized. To this let us add, that if you take a very long 
Piece of Cannon, and fill it up to the Muzzle with well-corned Pow- 
der, and fet fire to it at the Muzzle, and not at the Touch-hole as ufual ; 
neither the Fire nor the Powder in this Cafe will do the leaft Damage to 
the Piece, inafmuch as the Fire ats upon the Powder by Progreffion 
and not Inftantancoufly ; befides the Fire will move downwards, which 
is the reverfe of its natural Property of acting upwards; or to {peak 
more properly, it not being clofely confined, and meeting with nothing 
to obftruét its perfect Liberty, it burns out at the Muzzle of the Piece. 
I thall filently pafs over the Opinion of fome who are not very know- 
ing as to this matter, and who imagine the larger any Gun-powder is 
corned, the more lively it will be: Which at firft does not appear un- 
likely, and feems to agree with what I have been faying above: But on 
the other fide, the Confequence of it is wrong; becaufe large Grains 
are not fo readily accended, or inflamed, as {mall ones; and Experience 
in Fireworks teaches us, That that Powder which is in the leaft Corns, 
is more vigorous than that whofe Grains are the largeft; and the Rea- 
fon is, becaufe the {mall ones conceive the Fire more readily : Add to 
4 this 
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this, that they are more impregnated with Sa/tpeter (the very Life of it 
all) than the others ; and hence it is that they corn it fmall for the Muf- 
quet and Piftol, &c. and on the contrary take lefs trouble with it, 
when defigned for the Ufe of Cannon; for as all great Pieces of Ordi- 
hance naturally require a much greater Quantity of Powder than the 
{mall portable Fire-arms, it is but reafonable that the Powder prepared 
for the former, fhould be coarfer than that defigned for the latter; and 
indeed it is not only reafonable but neceffary likewife, to the end that 
its Interftices being the larger, the Fire may have the better Conveni- 
ence of penetrating through the whole Mafs of it, and of accending it at 
once. Now Nicolas Tartagha in his Book III. Quett. 10. gives this Rea- 
fon why Mufquet and Piftol Powder ought to be corned: It is (fays he) 
to the end, That that Quantity of Powder, which is the exact Charge of 
fuch Arms, may be more conveniently poured out of the Bandeliers 
(which are little wooden Meafures to hold juft.a Load) and that it may 
run the more freely down the Barrel of the Piece ; (although the Bande- 
lier is exactly of the fame Calibre as the Piece,) which could not eafily 
be done if the Powder was in a Flower or pulverized, becaufe the fmall 
Particles of it cohering together, it would all tumble down at once into 
the Barrel, and meet with fome Difficulty in its Defcent, particularly if 
the Priming-pan was fhut clofe ; for in that Cafe it would happen that 
the Air in the Bottom or lower part of the Barrel having no Opportuni- 
ty of efcaping out at the Touch-hole, and the Denfity of the defcend- 
ing Flower not admitting of its Excurfion upwards, it would in the end 
be fo violently comprefied as to repel the Powder or Flower by its Ela- 
ftic Force, fo that it would be impoffible to load fuch Arms with it, 
with any manner of Expedition: But this Accident never happens with 
regard to grained Powder, inafmuch as the Air in the Barrel is at per- 
fect Liberty, by having the Power of efcaping through its Interftices -: 
However, great Pieces of Artillery are by no means liable to this 
Inconvenience ; becaufe the Powder is always conveyed into them by 
a Ladle. Here is a way of Reafoning that has fome thew of Truth on 
its fide; though it is far from accounting fufficiently for the Neceflity 
of corning Gun-powder ; but he is moft ftrangely out of the way, when 
he fays, that Cannon Powder need not be corned at all; which I abfo- 
lutely deny, and cannot but think, from his wretched manner of arguing, 
that He (Tartaglia) was fo far from having ever heard or feen the won- 
derful Effects of Cannon Powder upon fuch perilous Occafions, as the 
Wars in his time abounded with, that he never had fo muchas a Sight 
of any of the Powder itfelf. 
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CHAP. XV. 


How to make Gun-powder of feveral Colours. 


T# E Blacknefs of Gun-powder is entirely owing to the Charcoal ; but 

that Tindture is no neceflary Adjunct to its Nature, nor does it fo 
far contribute to the ftrengthening of it, but that you may make it of 
feveral Colours with equal Succefs. For Example; if inftead of Char- 
coal you take rotten Wood, or white Paper that has been firft moiftened, 
then put into an hot Oven, and after that pulverized, or any thing elfe 
that is of a very combutftible Nature, and very fufceptible of Fire (fuch 
as I am going to {peak of ) you will have a Powder to the full as effective 
as the Black Sort. I fhall then in this Chapter prefent you with fome 
Compofitions, to guide you in making Powder of {everal Colours. 


To make White Powder. 


1, 
Take of Saltpeter 6 ib, of Sulphur 1 tb, of the Pith of Elder welt 
dried one Ib, 


2. 
Take of Salpeter 10 tb, of Sulphur one fb, of the Rind or Bark of 
Hemp, after the Hemp is taken out, one Ib, 


3. 

Take of Saltpeter 6 16, of Sulphur one 1b, of Tartar calcined till it is 
White, then mixed with common Water, and put into an unglazed Pot 
in which it muft be boiled till all the Water is evaporated, 3 j. 


Red Powder. 


I. 
Take of Saltpeter 6 Ib, of Sulphur one ib, of Amber Tb fs, and of red 
Sanders one Ib. 


2. 
Take of Saltpeter 8 ib, of Sulphur one It, of Paper dried and pulve- 
sized, then boiled in Water of Cinnabar, or Brafil Wood, and then 
dried, one ib. 


Yellow Powder. 


Take of Saltpeter 8 If, of Sulphur one tb, of wild or baftard Saffron, 
&irft boiled in Brandy, thea dryed and pulverized, one Ib. 
2 Green 
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Green Powder. 


Take of Salpeter 10 tb, of Sulphur one it, ef rotten Wood boiled 
with Verdigreafe and Brandy, and then well dried and pulverized, 2 fb. 


Blue Powder. 


Take of Saltpeter 8 it, of Sulphur one Ib, of the Saw-duft of Linden 
or Lime Tree Wood boiled with Indigo and Brandy, then dtied and pul- 


verized, one Ib. 


CHAP. XVI. 
Of Silent Powder. 


OME People have taken it into their Heads to relate a great many 
wonderful things of this Silent Powder, (which is by fome very im- 
properly called Deaf Powder) and have treated of it in a very prolix 
Manner: To avoid which, and to prevent my being tirefome to the 
Reader, I fhall here only infert fome Compofitions, which I have found 
to be the moft excellent and beft aterore of: 


Take of common Gun-powder 2 t, of Venetian Borax one th; thefe 
Ingredients being well pulverized and incorporated together, let chem 
be afterwards corned, 

2. 

Take of common Gun-powder 2 Tb, of Venetian Borax one th, of La- 
pis Calaminaris tb {8, of Sal Armoniac tb {s; pulverize and incorporate 
them well together, and corn them as before. 


5 
Take of common Gun-powder 6 tb, Powder of live Moles calcined in 
a glazed earthen Pot ib fs, of Venettan Borax tb fs. 


4. 

Take of Salepeter 6 1b, of Sulphur 8 Ib and $, Powder of the inner 
Rind or Bark of Elder Tb 3, of common Salt burnt 2 1b. Corn all this 
after the ufyal Method. 

i fhall to this add another thing which you may make the Experi- 
ment of ; for my part I never did, though it is taken out of the Natural 
Magic of the Sieur de /a Porte, who fays, that if you add burnt Paper 
tg the Compofition of Gun-powder, or the double of common Hay Seed, 
well beaten, it will weaken it very much, and prevent it frost cafting 
out f@ much Flame, or making fo much Noife. People of Senfe, and 
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fuch as are the moft deeply verfed in this Art, attribute the Noife or ra- 
ther the frightful Clamour of Gua-powder, to the violent Concuffion 
of the Air, which is impatient of being fo furioufly difturbed, by fuch 
a ftrange and extraordinary Agitation: But of this we hall {peak more 
fully in another Place. However in favour of Silent Powder, I mutt 
here quote the Opinion of Scasiger, taken from Lid. XV. in his Exer. Ex- 
oter. contr. Card, de Subtil. Exer. XXV. You are much more out of the 
way to attribute the Noile beard upon the Difcharge of Warlike Machines 
to Saltpeter ; for being reduced to a fine Meal tt lofes all its little Caverns 
or Pores. (You muft here remember what was faid above of the Deto- 
nation of Saltpeter.) Thunder 7s caufed by the Complofion of the Air, as 
well with refpect to its Clap as its Sound ; which fometimes provokes Mirth; 
Jometimes excites Laughter, and obliges us to fhut our Noftrils together. 
Except you would perfuade us that there is Saltpeter above us: But truly 
there is none in the Clouds. The Powder which you mention to have been 
invented at Ferrara, made no Noife ; becaufe it impelled without Vio- 
lence. 

From hence it is eafy to conceive what may be the Caufe of the Noife 
which Gun-powder feems to make. For there is nothing further extraor- 
dinary in the Compofition of Sz/ent Powder, than that certain Ingredients, 
a great part of which I have mentioned in this Chapter, have an occult 
Antipathy to Saltpeter, and weaken the common Powder when mixed 
with it. Farthermore, there are fome Perfons who affirm, that if you be- 
{mear your Hands with the Gall of a Pike, and immediately handle and 
mix Gun-powder about with them, it will have that weakening Effet upon 
it. ButI thall leave this,to thofe who have Faith enough to rely upon the 
Authors who have made the Experiment. Thus we find by the above 
Paffage from Scaliger upon this Subject ; That Gun-powder does not 
make that fhocking Detonation, which is heard when any of thofe War- 
like Machines are difcharged : But that it is owing to the violent Com- 
plofion of the Air, which is difperfed by the firing of the Piece. We 
cannot give you a more familiar Inftance of the Truth of this, than the 
Wind-Guns which are charged with nothing but Air, 


CHAP. XVII. 
How to prove the Goodne/s of Gan-powder. 


"THERE are three different ways of proving Gun-powder, (viz.) by 
the Sight, the Touch, and by Fire. As to the firft; when you 
perceive your Powder more black than ufual, it is a certain Sign that it 


is too moift; and if you put it upon fome white Paper, and find that it 
2 blackens 
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blackens it, you may affure yourfelf that there is too much Charcoal a- 
mongft ic; but if it be of a deep Afh Colour; inclining a little to the 
Red, it is a fure Token that your Powder is good. 

We try Gun-powder by the Touch after this manner. Bruife fome 
Grains or Corns of it with the end of your Finger, and if it readily dif- 
perfes and yields eafily to the Preflure of your Finger, you may con- 
clude that there is too much Charcoal in it. If upon fqueezing, or pref- 
fing it a little ftrongly, upon a marble or {mooth wooden Table, you feel 
Particles that are harder than the reft, which prick you a litte, and that 
cannot be cruthed without fome difficulty, you may infer that the Su/- 
phur is not well incorporated with the Sa/tpeter, and that confequently 
the Powder is not duly prepared. 

In fhort, you may determine with the utmoft Certainty concerning the 
Goodnefs or Badnefs of your Gun-powder by means of Fire, as follows: 
Lay little Parcels or Heaps of Gun-powder upon a clean fmooth Table, 
at the diftance of about 2 or 3 Inches from one another, and fet fire to 
one of them; which if it blows up at once, without catching hold of 
any other Parcels, and makes a little fort of an acute Noife, or produces 
a white, clear Smoke, rifing with a very fudden Velocity, and appear~ 
ing in the Air like a little Circle or Diadem of Smoke ; you may depend 
upon its being perfectly well prepared. ~ 

If after the Powder is enkindled there remain any black Spots upon 
the Table, it will be a Sign that there is a great deal of Charcoal in it 
which has not been fufficiently burnt; if the Board is as it were greafy, 
you may be affured that the Sulphur and Saltpeter have not been fuffi- 
ciently purified, or purged of that noxious and vifcous Humour, which 
is natural to both the one and the other of them. If you find any fmall 
Particles which are white, or inclining to Lemon-Colour, it will be a 
Mark that your Saltpeter is not well clarified, and confequently that it 
ftill retains earthy Particles; or common Salt; and moreover, that the 
Sulphur is not pounded or ground fine enough, nor fufficiently incorpo- 
rated with the two other Ingredients of the Compofition. 

I fhall not here {peak of feveral kinds of Inftruments, which Pyrotech- 
nicians commonly make ufe of to prove the Strength and Virtue of their 
Gun-powder : Having often heard that equal Quantities of one and the 
fame fort of Powder, have blown up that which covered them, to feve- 
ral, and different degrees of height. You may, if you pleafe, fee the 
Figures of fome of them in Furtenbach, and others, 
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CHAP. XVIII. 


How to fortsfie weakened Powder, and to reflore that which 
ss damaged to its firft Vigour. 


WE call that, damaged, decayed, or weakened Powder, which is 

much degenerated from its frft Vigour, and the Strength it was 
indued with at its firft Preparation. We can attribute its Decay or Im- 
becility to no other Caufe, than to the Weakening, or Diminution of the 
natural Virtue of the Sel¢peter, or elfe to its actual Separation from the 
Sulphur and Charcoal, And this inay be owing to two feveral Accidents, 
(viz) to its being either fuperannuated or too old, or to its being too 
moift. Ifay fuperannuated ; becaufe the Salpeter is greatly affected by 
the Decay of the Charcoal, which is naturally fubje€&t to Corruption after 
acertain term of Years. Then as to Moifture, it isa means of making 
the beft part of the Saltpeter feparate itfelf from the Sulphur and Char- 
coal; becaufe as Saltpeter is generated from a Water, or from a certain 
Saline Humour, (juit as all other Salts are refpectively produced from 
thejrs) it diffolves, and returns to its firft Form, whenever it is any way af- 
feted by Humidity: And thus withdrawing itfelf from the two other 
Ingredients which adhered to it, it either exhales, or finks down to the 
bottom of the Veffel in which it is kept (if it be made of Clay, hard 
Stone or Earth) where being fubfided it remains; and therefore in this 
Cafe the Powder towards the Bottom is heavier than that towards the 
Top. But if it be kept in Casks, Barrels, or any thing made of Wood, 
it perfpires through the Pores of that light, or rare Subftance, and re~ 
affumes its original Nature; and confequently leaves the reft of the 
Compofition the lighter by its own Weight, which before conftiuted 
the greateft part of the Weight of the whole. But in this Cafe, neither 
the Sulphur nor Charcoal will be diminifhed in Weight ; becaufe it is 
not in their Nature to be diffolved by any Moifture: on the contrary, 
Charcoal attraéts and imbibes it greedily, and thereby becomes the hea- 
vier. Now if you would reftore Powder that begins to decay, or rein- 
ftate that which is perfe@ly f{poiled, in its firft Vigour, you may do it af- 
ter three ways: and Firft, Make a Lye with 2 Meafures of Brandy, one 
Meafure of purified Saltpeter, one Meafure of good White-wine Vine- 
gar, +a Meafure of Salprotic, $ a Meafure of Oil of Sulphur, and $ a 
Meafure of Camphire diffolved in Brandy ; this Lixivium being ftrained 
through a coarfe ftrong Searce, {prinkle or moiften your damaged 
Powder frequently with it, and dry it in the Sun in wooden Veffels, then 
Carry it into fome warm dry place where no Damp can come at it, 
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The Second Merhed of recovering decayed Gunpowder is this. Firft, 
fee how much your damaged Powder has loft of its Weight, and upon 
finding the Difference between its Weight now, and when firft made, 
fupply the Difference with an equal Quantity of fine purified Salpeter; 
as for Example; fet the Weight marked upon the Cask be 1op0 if, 
and if upon weighing it now, you find that it is but 920; the Diffe- 
rence between the firft and fecond Weight will be 80; therefore you 
muft add 80 tbh of Saltpeter to the vitiated Powder; then put it all in 
little Heaps, and pound it, or grind it well after the ufual manner, and 
corn it as before. 

In hort, the Third Method of reftoring weakened Guz-powder is as 
follows, and is the fimpleft of them all, and the moft frequently 
practifed by Pyrotechmictans and Powder-Makers. Pour out upon coarfe 
Cloths, or well-jointed Planks, equal Proportions of damaged Powder, 
and fuch as has been newly made, and mix them briskly together with 
your Hands, or Wooden Shovels; then dry it all in the Sun, and put- 
ting it up again in your Barrels, keep it in fome convenient Place till it 
is wanted. 


CHAP. XIX. 


Of Buildings and Magazines for the preferving of Gun- 
powder, together with feveral Obfervations on the frowimg, 
and keeping st fecure from Fire, Moifture, &c. to the end 
that it may remaim entire, and in the fall Poffeffion of its 
Sirf Vigour, 


FTER a ftri& Examination of the Warlike Machines of the 
Ancients, we muft allow that they fall fhortof our Artillery, which 

has been in ufe for thefe laft Ages: Our Gun-powder is now the very 
Nerves and Life of War; and is the moft powerful Means that has 
ever yet been invented, of procuring an happy Iffue to the Military En- 
terprizes of Princes, and to decide the Difputes of the moft Mighty 
Monarchs of the Earth. But you will fay, that our Machines are ufe- 
lefs inactive Bodies, if you deprive them of Gun-powder, or if you 
fupply them with fuch as may be ill-prepared, or damaged: There- 
fore it is of the higheft Importance, that we be careful in the Prepa- 
ration and Confervation of it; and fo to order Matters, that fuch a coftly 
Thing may not fail of performing the Service and Execution you ex- 
pected from it. I have fpoken fufficiently of the Preparation of it in 
the xivth Chap. of this Book; but I do not think of clofing it till I 
have faid fomething farther upon that Article. In the mean time let 
us confider of a proper Situation for our Repofitories or Magazines for 
keeping 
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keeping Gun-powder, together with the proper Form and Conftruction 
of fuch Buildings, that they may be exempt from thofe Accidents which 
may have the moft dangerous Effects upon them. 

You mutt, in the fir/ Place, pitch upon a Spot of Ground, which is far 
from any Marth or Swamp; which is not in a narrow clofe Valley, nor 
in the Neighbourhood of any Spring or Pond; but let it be upon a mo- 
derate Height, in an open Country difincumbered with Woods, and 
very dry. 

Secondly, let it be as far as poffible from any other Buildings; becaufe 
of feveral Inconveniencies that may arife from their Proximity ; again, 
let it be in an unfrequented Place, at a good diftance from any Roads 
or publick Paths, where People commonly refort. 

Thirdly, \et it be well covered and defended from any Danger of the 
Enemy’s Cannon; which may be eafily provided againft, by building 
your Magazines in that Quarter of the Town, which thall be judged the 
moft difficult of Accefs, and the leaft fubje@t to the Attacks and Storms 
of the Befiegers. As for Example, in any Place that is encompafied 
with a Morafs, or Lake, or a wide rapid River, or in fhort by the Sea 
itfelf. In the other Quarter of the Town which is the moft defencelefs, 
and confequently the moft in danger of the Enemy’s Attacks, you 
fhould build very high Houfes and Edifices, whether Publick or Private, 
in order to cover your Magazines from the Befieger’s Batteries, and 
keep them out of their Sight. For this Reafon your Magazines fhould 
be but one or two Stories of a moderate Height, and covered with a 
low Roof. 

In the Fourth Place, let them be in the middle of your Curtains, and not 
in the Baftions, or near Bulwarks; that you may avoid the danger of 
Mines, Galleries, and fecret Saps of the Enemy; or in fhort at the 
greateft diftance from the Ramparts of the Town, that you may be fo 
much the fafer. 

In the Fifth Place, thefe Buz/dings fhall be clofed up with ftrong, thick 
Vaulting within, very firmly cemented, left during the Siege any 
Bombs or Shells, &c. falling upon them, fhould force a Way through, 
and be attended with pernicious Confequences to your Powder. The 
Roof muft not be covered with Laths, Slate, or Tiling of any fort, but 
with Sheet-Lead, or (what is much better) with fubftantial Plates of 
Copper. Again, I would have the Outfide of the Roof be of a Sphe- 
rical Form, that you need not be obliged to have any Carpenter’s Work 
in it; fuch as Beams, Timbers, Planking ; but that the Tiles, or what- 
ever elfe covers it, may be fixed upon a ftrong Wall, fecurely cemented 
on all Sides with good Mortar. 

Sixthly, a Square Building will be the moft convenient of any Form 
or Figure whatfoever; though I do by no means difapprove of fuch as 
are built Round, or in Form of a Dome, as being the moft capacious of 
all, and over which the ftrongeft Vaults may be built, becaufe of the 
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Rotundity of their Conftru€tion. But if you would build a fquare one, 
take care to erect the four Fronts of it, facing the four Quarters of the 
World. 

Seventbly, let the Door be always on the North-Side. 

Eighthly, \et the Apertures or Windows be as {mall as poffible, very 
narrow, and fecured with {trong Copper or Brafs Bars, fubftantial Shut- 
ters, and ftrong Grates of the fame Mecal. 

Ninthly, let the Bricks you intend to build your Powder Magazines 
with, be two Years old before you ufe them, and take great care that 
they be not haftily dried in the Sun. We are of Opinion, that Bricks 
which have been burned once, then moiftened, and burnt over again, are 
by much the beft of any, though they are not naturally fo tenacious 
of the Mortar; for it has been obferved, that if they are plaiftered ei- 
ther withinfide or without, the Lime or Plaifter does not ftick upon 
them long. 

Tenthly, and laftly; Your Magazine being built, eretted, and co- 
vered, or roofed, as it ought to be, you fhall let ic ftand and dry for the 
{pace of two or three Years, before you put any Powder into it; and 
take care not to build it in Winter-tume. * 

You will fee the Ichnography and Orthographic Plan of this fort of 
Buildings in Fig. 1g.and 16. In the Ichnographic Figure, the Letter A 
fhows the Room or Apartment, where the Powder ought to be kept; 
B, where the Sa/tpeter and Sulphur ought to be referved. And C, where 
the Charcoal, and other Materials and Neceffaries may be laid up, fuch 
as Searces or Steves of feveral forts, fome for fifting, and others for 
graining the Powder, old Pieces of Linnen, Canvafs, Boards, or Floor- 
ing to dry it upon: And as the Rooms will be fufficiently extenfive and 
large, you may in the fame Place ftow away empty Casks, or Barrel- 
Staves, Heading, Hoops, and fuch like Requifites. D, is the Wind- 
ing Srair-cafe, which the I talians call the Lumaca, by which you go 
up into the fecond Story. E, is the Entrance or Portico. F’, the Store- 
keeper’s Lodge, or Houfe, who ought to be a Cooper by Trade. G, the 
Steps. H, the Court, or Yard, which goes round the Magazine. I, a 
little Wall fix or eight Foot high, that enclofes the Yard and the Maga- 
zine. K, the empty Spaces, Paflages, or Alleys, between the Powder 
Barrels, and L the Spaces where the Powder mutt be ftowed. ‘The other 
Diftances may be meafured with a Pair of Compatffes, as well upon the 
Ichnograpbic as the Orthographic Plan. I fhall only add, that the 
Match may be conveniently preferved upon the Floor of the fecond 
Story. 

In Fig. 17. you have the Ichnograpby of a Powder Magazine, after 
the Defign of Eugenius Gentillinus an Italian, who has very curioufly 
reprefented one of this Nature in Chap. xliv. of his Artzllery; and is 
very conveniently contrived againft all Accidents by Fire. Let us a 
little explain the Plan which we have here offered, A, isthe aaa? 
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of the Building, with its Apertures and Lights. B, is the Outward 
Wall, with Apertures correfponding with the Firft. C, is the Space 
between the two Walls. D, E, is the outward Breadth of the Aperture 
of the Exterior Wall of three Feet. F,G, is the Breadth of it inwards 
of 14 Foot. I will now direét you how to make the Apertures in the 
Inner Wall of this Buc/ding. Let there be drawn from H, to I and K, 
two Lines each equal to D E, or three Feet: Now if between the Points 
EI, and DK, you produce the Right Lines EI and DK, they will 
interfect the Inner-Face of the Interior Wall in the Points L and M;, 
then let there be drawn two Lines equal to FG, or 1 4 Foot, from 
the Points L and M, to the Points N and O; then having drawn two 
Right Lines from H to L and M; if you raife a Perpendicular upon 
N, and another upon O, they will interfect the Lines L, H, and H, M, 
in the Points P and Q. Thus having drawn DF, EG, IL, OP, PH, 
HQ, QN, and MK;; you will have the Inward and Outward Breadths 
of the Lights marked out. I muft own that this kind of Edifice will 
be a little dark, on account of the double Wall, and becaufe the Inner 
Lights L, O, and NM, are exactly covered by the Angles I and K, and 
confequently cannot let. in mruch of the Day; befides that the Angles 
P and Q, intercept half of the Light which would otherwife come to 
LO, and NM; but on the other hand we muft confider, that thefe 
Buildings ftand in no need of a great deal of Light, like fuch as are de- 
figned for Dwellings; for if there is but juft fufficient of it, to direct 
thofe who go in and out about the neceffary Bufinefs of the Place, it is 
enough. Again, the Wind coming in at DE, ftriking againft the An- 
gle H, and being broken and divided towards the Angles I and K, will 
ruth briskly in through the Apertures, and refrefh the Air which was in 
before, and at the fame time drive away and dry up all that noxious 
Moifture to which fuch clofe Places are commonly fubjeé&t. As for the 
neceflary Precautions of fecuring your Magazine from Accidents by 
Fire, you will eafily defend it from that deftructive Element, if you 
nicely obferve what we have already laid down, in the Conftruétion of 
your Vaults and Roof; for as to the Apertures or Windows, they are fo 
well contrived againft any danger of that kind, that it is impoffible for 
any Fire to infinuate itfelf through them by any Artifice whatfoever. 
You may order the Door of your Magazine after this manner. The 
Outward Breadth TU, in the Exterior Wall, and the Inward Breadth 
RS in the fame, fhall be each three Feet. Then from the Angle W, 
having produced Right Lines to the Points X and Z, and from T and U, 
to A and Y, you will have the Outward and Inward Breadth of the 
double Entrance through the Inner Wall. The reft will be better ap- 
prehended from the Fig. itfelf, if you attentively confider it. I thall 
only add, that Bb, denote the Spaces where the Powder ought to be 
lodged, and Cc the Paffages between. As to the Orthography of 
this Edifice, and all the Proportions of its Parts, they may be invented 


at 


Book II. Of the Great Art of ARTILLERY. 


at Pleafure: Neverthelefs I would have every body to follow the In- 
ftruction and Method of this Author, whofe Name I have already men- 
tioned. This is what I had to fay of the Conftruction of Magazines, 
and proper Edifices for the lodging and preferving of Gun-powder: Let 
us now proceed to order what ought to be obferved, as well in the Pre- 
paration, as the Confervation of it after it is made. 

Know then Firft, that if you would have your Gun-powder retain its 
full Vigour, even though you fhould lodge it in fome damp Place, there 
to remain for fome time ; you need only have Sa/tpeter well pulverized 
and purified feveral times, according to the Method we have prefcribed 
in the IIId Chapter of this Book. 

2. Let each Ingredient have its own Searce for its particular Ufe. 

3. Your Ingredients fhall not be mixed till they have been firft well 
dried, ground, and fearced feperately; which done, they fhall be well 
ground, incorporated, and fearced all together over again. 

4. In pounding, or grinding them, they hall be moiftened a little 
with one of the Liquors I have already mentioned, and fhall be often 
and carefully fhaked, or ftirred, that they may incorporate the better 
together. er 

5. Your Powder being well and duly prepared, fhall be put into glazed 
Earthen Jars, capable of containing each 100 tb, or thereabouts, with 
Covers of the fame, well luted on the Outfide with Glutinous, Bitumi- 
nous, or any Tenacious Matter, to prevent the Air, or any outward Ac- 
cident from doing it hurt. I approve very well of Casks or Barrels, 
made of Fir or well-dried Oak. 

6. Your Veffels of Powder thall be placed upon Blocks, or Logs of 
Wood, of the thicknefs of one or two Feet. 

7. Every Year during the hotteft Months, fuch as ‘Fune, Fuly, and 
Auguft, you fhall fpread your Powder upon Canvafs, or a Floor of 
Planks made for that purpofe, and let it dry well in the Sun and Wind, 
then fift it through fine covered Hair Sieves or Searces, and colleét the 
fine Flower or Meal that comes through; but that which remains in 
Corns fhall be put up again and covered as before, and carried back again 
into the Magazine. 

8. The Cavities and Windows muft be opened to the Northerly and 
Eafterly Winds, that they rufhing in briskly may purifie the Air confined 
within. On the contrary, they fhall be kept clofe againft Southerly and 
Wefterly Winds, as being commonly pernicious to dry Things. For 
Experience, that Miftrefs of Knowledge, teaches us, that the Winds 
blowing from thofe Quarters being naturally hot and moift, they gene- 
rally beget Taint and Putrefaction in Flower. And farthermore, you 
muft guard againft all Winds blowing from the Eaft towards the South, 
and from the South towards the Weft; becaufe all Winds iffuing from 
any Point of that Semi-circle, fill the Air with unwholefome moift Va- 
pours, which are of hurtful Efficacy to the Human Body; and we pad 

reafon- 
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reafonably infer, chat as Sa/tpeter is extreamly fubject to Diflolution up- 
on the accefs of any Humidity to it, thofe Winds muft have per- 
nicious Effects upon Gun-powder. 

To conclude; I dare venture to affirm that if the Rules I have now 
prefcribed for the Preparation and Confervation of Gun-powder are 
ftrictly obferved, you may keep it many Years in full Poffeffion of its firft 
Vigour, without fuffering the leaft Diminution of its Strength. And I 
fladly deny the Truth of that vulgar Notion, which teaches that Powder 
cannot be kept in PerfeCtion above 2 or 3 Years. There are thofe who 
fay that if you put a little Camphire in each of your Veffels of Powder, 
it contributes greatly to its Prefervation. This is not unlikely, fince 
the odoriferous Smelt and extream Drynefs of Camphire ftrongly repell 
all Putrefaction and Corruption which is generated by damp Vapours. It 
has been frequently obferved, that Compofitions have been taken. out of 
Grenado’s and Shells of long ftanding, which have been in perfe& good 
State, and {melt much of Camphire. From whence we may conclude, 
that-a Mixture of Camphire with Gun-powder contributes pretty much 
to its Prefervation. But I thall fpeak more largely of this in another 
Place. 


CHAP. XxX. 


Of the Properties and particular Offices of each Ingredient 
concerned in the Compofition and Preparation of Gun- 
powder. 


WE muft not think that Gun-powder was cafually, or accidentally 

difcovered; but on the contrary, that it was invented and per- 
fected, by found fpeculative Reafonings, drawn from the Principles of 
Natural Philofopby ; inafmuch as no Man to this Day could ever yet 
(though many have endeavoured at it) contrive an Affemblage of three 
fuch Ingredients as thefe, which being united and incorporated together, 
would naturally produce fo vigorous, fo frightful, and fo fudden a Fire, 
and at the fame time fo inextinguifhable, and univerfally abforbant of 
their own Subftance. Now as it is no Novelty in our Age, for Men 
to add to, and enlarge upon preceding Inventions, and fince (as the 
Metaphyficians have it) all Things that have a Beginning pafs from Im- 
perfection to Perfection ; I beg leave to make fome Obfervations upon 
Gun-powder (the Inventor of it having left nothing in writing behind 
him concerning it) which though they are indeed fpeculative, are never- 
thelefs grounded upon Experience of the Nature, Effects, and particu- 
lar Properties of all the Ingredients which enter into the Compofition of 
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it, as well when feparated from one another, as when united into one 
Body. For I cannot but think that a few Words upon this Subjeét, 
will be fo far ufeful, if well digefted, as to prevent the frequent Errors 
committed in Pyrotechnics; a Correction of which is not only very dan- 
gerous, but likewife very expenfive. 

You muft know then, Firf, that it is not without Reafon, that Gun- 
powder is compofed of thefe three Ingredients, namely, Saltpeter, Sul- 
phur, and Charcoal; but tothe End that one of them might remedy and 
fupply the Defects of another, or of the other two. This may eafily 
be comprehended by the Nature and Effects of Su/phur, which is of it- 
felf the very Quinteffence of Fire, or rather a pure Flame, and is there- 
fore more proper to accend the Saltpeter than any other Fire whatfo- 
ever: But as Saltpeter being once inflamed by it, is inftantly rarified in- 
to a Flatulent or Windy Expanfion, it would by its Violence infallibly 
extinguifh the Flame which had been conceived by the Sulphur, and 
deprive * felf of that Heat which the Su/phur would have communicat- 
edto ic: And therefore if a Compofition was made of Saltpeter and 
Sulphur only, well pulverized and incorporated together, it would in- 
deed moft readily conceive the Fite, and break out into a Flame, but it 


would inftantly go out again, for the Reafon above given: That is, the 


Fire would not be fufficiently lafting to:confume the whole of it, but 
would only deftroy a Part, without affecting the reft. Upon this Ac- 
count it was thought proper, that Charcoal well burn’d, dried, and pul- 
verized, fhould be added to them in a certain Proportion, as an excellent 
Thing to fupply this Defect; for Charcoal is very fufceptible of Fire, 
and is inftantly confumed with a Flamelefs Heat; whence it happens 
that the more it is agitated by Wind or Air, the fiercer it burns till it is 
entirely reduced to Afhes. From the feveral Properties of thefe Ingre- 
dients we may eafily perceive, that any Body compounded of them, as 
Gun-powder is, muft not only be very fufceptive, but alfo retentive of 
Fire, even to the Combuttion of its very laft Atom ; for the Sulphur im- 
mediately catches Fire whenever applied to it, and inftantly accends the 
Saltpeter, and fets Fire to the Charcoal, which (as I have already faid) 
burns without any Flame, and glows with the greater Rage, the more 
it is agitated by the Wind or Air: The Confequence of which is, that 
the Sulphur being unable to withftand Fire, but on the contrary being 
inftantly inflamed by it, the intenfe Heat of the Charcoal prevents the 
Flame of the Suiphur from being extinguifhed by the windy Expanfion 
of the Saltpeter; therefore it continually keeps up the Flame of the 
Sulphur, and the Flame of the Su/phur inceflantly acting upon the Sa/t- 
peter, they muft, when they are all three duly incorporated together, 
produce fuch a Fire as is not to be extinguithed, till the whole Sub- 
ftance of them is confumed by it, and to all Appearance annihilated. 
Great Care, however, is to be taken, that neither of the three be affect- 
ed by any improper Accident, fuch as Moifture, or a difproportionate 
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Quantity of its Matter. Now from what we have been faying, we may 
conclude that the true Office and principal Bufinefs of Sulphur, as it is 
an Ingredient in Gun-powder, is firft to conceive the Fire, and then com- 
municate it to the twoothers. ‘That the Bufinefs of Charcoal is to re- 
tain the Fire when once introduced, by preferving the Flame of the Su/- 
phur, and preventing it from being deftroyed by the Flatulent Expanfi- 
on of the Saltpeter. And in fhort, that it is the great Bufinefs of Sa/tpe- 
ter to produce a moft violent and refiftlefs Expanfion, and in this con- 
fifts all the moving, expulfive, and active Force of Gun-powder ; confe- 
quently Saitpeter is the principal Caufe of the terrible Effects of it, and 
it muft now plainly appear that the other two Ingredients are only 
joined with it, to put it.in Adtion. Asa Proof of this; if any one was 
to make a Powder of Sulphur and Charcoal only, and was to charge any 
large Piece of Cannon with it; it would be found to be fo far from be- 
ing able to drive out a Bullet, that it would not even diflodge a Straw: 
And the Reafon of this Imbecility is felf-evident, from what we have 
already faid, having demonftrated that the expulfive Quality of Gun- 
powder is entirely owing to the Expanfion of the Saltpeter. Upon the 
whole, it would be a much eafier matter to contrive a Powder without 
Sulphur or Charcoal, than without Saltpeter: Or it would be lefs difficule 
to find two Things, the one to perform the Office of Su/pbur, and the 
other to aét in the fame manner as Charcoal, than to meet with any Sub- 
ftance which would have fuch a violent Effect and fuch occult Quali- 
ties as Saltpeter. 


CHAP. XXI 


Of Aurum Fulminans or Saffron of Gold----- taken from the 
Royal Chymiftry of Ofvaldus Crollius. 


TAKE + tb of common Aqua-fortis, difolve in it an Ounce of Sal Ar- 

moniac, or as much as a little heat can diffolve of it; thus you will 
have your Aqua Regis prepared, in which you may diffolve as much Gold as 
you pleafe. Pour off tbis Solution into another Glafi, and drop into it Drop 
by Drop only (becaufe of the great Danger and Noife of tts Effervefcence) 
of the beft Oil of Tartar per Deliquium, or for want of that take Salt of 
Tartar diffolved in common Water, (for you muft have a good quantity of 
this Oil of Tartar ready) upon which the Gold will precipitate to the bat- 
tom of the Glafs: And as foon as you fhall perceive that all the Calx of the 
diffelued Gold is fettled in the bottom of the Glafs, (which you will eafily 
know by the Colour of the Aqua Regis, which ought to be white; for if it is 
yellow, it will be a Sign that the Gold is not quite precipitated ; therefore 
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in fuch a Cafe you muft drop a little more of the Oil of Tartar into it; and 

be thou wife at my Expence :) I fay; when all the Gold is fallen, you foall a 

few Hours afterwards pour off the Liquor that is upon it, in fome warm 
place, and having foftened the Calx three or four times with warm Water, 
let it be gradually dried, by a flow Fire in Balneo Marie; or to do it with 

the more jafety put it into aGlafs Bafon, and let it dry of itfelf without 

coming near the Bire, then gather it up with a wooden Spatula, (for you 

muft avoid ufing any thing made of Iron,) and put it up in an earthen Pot 

againft you want it. Obferve here, that it is very dangerous to dry it af~ 

ter any other Method than what I have here prefcribed ; for itis very apt to 

take Fire upon the leaft occafion, and breaks out into a kind of purple Smoke, 

and a frightful Noife not unlike that of Gun-powder, and is fo univer[aily 

abjorbed by the Flame that there is not the leaft Atom of it left after its 

Combuftion: And what is very extraordinary ; if you mix alittle well pul- 

verized Sulphur with it, and burn'it in a Crucible, you will have a hind 
of Calx very fubtile, and of a brown Colour, which is entirely divefted of this 
Fulminating Quality. But that which ts the moft wonderful of all is, that 
a Scruple of this Volatile Gold, is incomparably fronger, and atts with in- 
Jnitely mere Violence than half a Pound of Gun-powder. If but a Grain 
or two of tt be put upon the point of a Knife, and heated by the Flame of a 
Candle, it makes as much Noife as a Mufquet, but it is a Note which af- 

faults the Ear with fo much Violence, that the extreme Acutenefs of it deaf~ 
ens thofe who are pretty near toit. The greateft difference that we find be- 
tween this Powder and Gun-powder is, that the Effects of the one are dia- 
metrically oppofite to the Operations of the other ; inafmuch as this Thunder- 
ing Powder atts by Defcent, on the contrary the other by Afcent ; for if. 
(for Example) you put fome Scruples of it upon an Iron Plate of moderate 
thicknefs, and fet fire to it, it will infallibly pierce downwards through and 
through the Plate; and-we may believe that the Sal Armoniac is the Cauje 
of this odd Effect. For juft as Saltpeter and Sulphur are violent Enemies 
to one another, as may be obferved in the accending of Gun-powder, fo is 
st with the Sal Armoniac and Oil of Tartar, whofe Qualities are entirely 
ancempatible with each other ; therefore when the Sal Armoniac comes to 
be incorporated with the Oil of Tartar, they by the Conteft of their Antipa- 
shetical Qualities, force the Gold down to the bottom, which bad before been 
diffolued in the Aqua Regis: And thus the Oil of Tartar precipitates the 
perfectly pure Spirit of Nitre, which in this Conflict unites itfelf with the 
Solar Sulphur z¢s Adverfary ; and becaufe this Sulphur of the Sun is infi- 

nitely more refined, pure, and combuftible than the common Sort, it produ- 

ces an Effect proportionate to its fuperior Virtue; and this pure Nitre and 

Sulphur of the Sun ac upon each other juft as the common Sulphur and 

Saltpeter do. It zs of this that Quercetanus and Sennertus fpeak in a cer- 

tain paffage, (according to Joh. Jonftonus Adm. Nat. Claf. IV. Cap. xxvi.) 

when they fay, that the Effects produced by the Spirit of Nitre and Solar 

Sulphur proceed from the Contrariety and extreme <Antipathy se 

them, 
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them. For as the Oil or Salt of Tartar is poured into the Solution of the 
Gold, the Salt of Tartar unites and incorporates with the common Salt, or 
the Allum, and the Sal Armoniac, which confequently forces the Gold down- 
wards; and if by chance any of thefe Salts remain with the Gold, it muft 
be well wafhed with bot Water. Thus nothing remains with the Gold but 
the Spirit of Nitre which is entirely incorporated with it; fo that when it 
comes to be heated, it adheres immediately to the Sulphur of the Gold, pow- 
er fully oppofes it, and rallying all its Force, is lighted and goes of with a 


frightful Clap. 


CHAP. XXII. 
Of the Preparation of Flowers of Benjamin. 


"TAKE a certain quantity of Benjamin, and put it into a Glafs Alem- 

bic or fubliming Pot, covered with a Blind Head: At the fame 
time you muft have a fhallow earthen Veffel with a wide Mouth, which 
you muft fet upon a Tripod, or to be the fafer upon a little diftilling Fur- 
nace; you fhall put your Alembic or Subliming Pot into this, and en- 
compafs it well with Afhes, or elfe with well-wafhed Sand, to the 
height of the Matter contained in your Subliming Veffel. Then light 
a gentle Fire under the Earthen Pot, for fear your Alembic fhould 
be too fuddenly heated, the confequence of which would be, that the 
Flowers you extra would be of a Lemon-colour or yellowifh Caft, in- 
ftead of being (as they ought to be) as white as Snow. As foon as you 
perceive the Benjamin to emit any Fume, continue your Fire in the fame 
degree of Heat for a Quarter of an Hour ; and as foon as you fee that 
the Flowers are fublimed to the inmer Surface of the Head, take it off 
quickly, and put another cold one on im its place, and let that which 
you took off cook at leifure wpon a Sheet of white Paper; then with a 
Feather gently fcrape off the fine Flowers which you will fee fticking to 
the Head, and gather them carefully together. Thus you may do with 
the fecond and third Head, and fo on with feveral others till the Benja- 
min will fublime no longer. 


Ansther Method to the fame Purpofe. 


Pot a certain quantity of Benjamin into a glazed earthen Pot, and fet 
it upon hot Afhes, and as foon as-you fee the Benjamin begin to fume, 
cover your Pot with. a great Paper Head in form of a Cone, (as the Chy- 
mifts have it, a Cornet) which fhall be a very little wider than the Ori~ 
fice of the Pot: Let.it ftay on for about a Quarter of an Hour. Then 
take it off, and {crape the Flowers from it; taking care te put on ano- 
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ther frefh Head immediately, which fhall remain on as long as the firft, 
then taking it off, do as before, ftill continuing to put on one Head 
after another as long as the Benjamin will fublime or exale. 


C H A PP. XXIII. 
How to prepare Camphire. 


"TAKE of Gum of Juniper (which is fometimes called Sandarac, 
white Varnifh, or Maftich) very finely pulverized 2 tb, and as 
much White-wine Vinegar as will be fufficient to cover the Gum in 
a Phial: Bury it deep in Horfe-dung for the {pace of 20 Days, then take 
it up and put it in another Glafs Veffel with a wide Mouth, and expofe 
it to the Sun for the fpace of a whole Month. Thus you will have your 
Camplire concreted in the Form and near Refemblance of a Cruft of 
Bread. We have already hinted at the natural Properties of Campbire, 
but neverthelefs as we make great ufe of it in our Compofitions, I fhall 
here treat of the Nature of it at large from the Teftimony of good Au- 
thors. Firft, Scaliger Exercit. CIV. 1. fpeaks of it thus. Sed ad rem 
arborts, lachryma eft Oapura, ne bitumen credas, ficuti fuccinum bitumen 
credidiftt, bc. You muft not imagine Camphire fo be a Bitumen as you did 
with regard to Amber, but a Gum and the Diftillation of a Tree, which 
falling, is tranfported by the Tides and Currents of the Sea to Shores where 
it 1s buried in the Sand, in which Situation it is found all along the Coaft 
from Memel to Gedan. his will not appear frange to fuch as have been 
in thofe Parts, or that have ever feen the Weft-fide of Holland, where 
great Heaps of Sand are accumulated by the Sea. Camphire, therefore, 
can be no farther deemed a Foffl than as it is dug up from the Sand. Thofe 
are firangely out of the way, who conclude it to be a Bitumen from the 
wretched Argument of its Combuftible Nature; for we fee the fame Pro- 
perty in Rofin, Oil and Frankincenfe, and fuch like Things. Again, he 
fays a little farther, Camphoram vero cum fapientum maxima pars, fri- 
gidiffimam ftatuat, Avenrois in quinto aliam agnofcit, Gc. The Englifh 
of which is: That the greateft part of the Learned have akways taken 
Camphire zo be cold in the very utmoft Degree: But Averroés fpeaks of a 
Sort which was only cold in the fifth Degree. For (fays be) the Indian Cam- 
phire, which in Arabick is called Coforalgent, heats and dries in the fecond 
Degree; therefore there muft have been different kinds of it, or elfe the 
Book muft be erroneous, or the Opinion miftaken. At length it was que- 
fiioned whether it was cold, which the Innovators denied. For truly it is 
very Combuftible, will even burn in Water, and is very Odoriferous: But 
this laf Property is derived from its fubtile Particles, by the power of 
which alfo it burns. It contains as much Water as is necefary for it to 
preferve its Frigidity under that Form: but it burns becaufe of its Oil- 
Li nef, 
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nefi. Sure Folly is either the Mother or Daughter of Ignorance; for who 
would affirm that Things which are by Nature the botteft, are allo the moft 
fufceptible of Fire, fince Fire has not akways the moft powerful Effect upon 
its Likenefs; (I mean its Likenefs with regard to Heat) but on the con- 
trary upon fuch Subftances, the porous Contexture of whofe Parts the moft 
readily permit it to infinuate itfelf. I find in the Commentaries of the 
Indian Odbfervables, that the Tree is of the largeft fort, fpreading tts 
Branches, and creating a Shade a great way round it. The Wood of it 
is very light and porous, and the + Aboali add, that it is white. The 
Goodnefs of Camphire depends upon the manner of its Extraction from the 
Matrix, or Place where it is formed, that is, whether it be gathered before 
it ts expelled by Nature, or afterwards; for Jome of it 1s taken out of 
Veins, where it is generated like a Cruft; fometimes it burfts the Rind or 
Bark and forces a Paffage out, where it is concreted, and looks at firft like 
Rofin, and is afterwards blanched by the Sun, or by Art. This fort is 
better than the firft; but that is beft of all, which is whitened by the Sun: 
It alfo may be done with Fire; which Operation was firft performed in 
Imitation of Nature, by Riach: a King of that Place; from whence it has 
the Name of Riachina. That which is gradually diftilled, ts by much the 
pureft and beft, and is the moft pellucid : but that which remains inclofed in 
the Subftance of the Tree, is more grofs, and of a dark Colour, There are 
befides thefe, two forts of a bafer kind. The one rough, coarfe, and gummy; 
the other of a deep dusky Colour. It is to be adulterated or counterfeited, 
with Suet, Maftick and Brandy. But, fays he, You may thus difcover the 
Fraud; put fome of it into the Heart of a Loaf, and fet the Loaf tn an 
bot Oven; if it liquifies, it will be good, and of the right fort; but if it 
dries up, you may take it for granted, that it is fpurious and adulterated: 
They fay the right fort cafily evaporates. When you have that which is 
good, you may keep it in Marble Boxes, with Linfeed, Flea-wort Seed, or 
Millet Seed amongft it. Jonftonus Admir. Nat. Claf. iv. Cap. ix. Scri- 
bunt Mauri Camphoram lachrymam effe arboris, &c. Ihe Moors write, 
that Camphire is the Tear of a Tree, whofe Branches fpread abroad to 
that degree, as to be able to fhelter an hundred Men under its Shade. 
They add, that the Wood of it is white and foft, and that it contains the 
Camphire in a light fpongey Pith. But this is uncertain; it is more pro- 
bable that it is got from a kind of Bitumen after this manner, The Indian 
Bitumen, which fprings forth of the natural Camphire being put over a 
Fire in fome covered Veffel, the finer Particles of it are fublimed by the 
Violence of the Heat, and adbere like fine whitifh Flowers to the Cover of 
the Veffel ; and which being colletted give it that Form in which we fee it, 
There are Merchants who affirm, that the natural fort is to be fold in India. 
It is fo very fond of Fire, that having once conceived it, it burns as long 
as any of its Subjtance remains, It emits a bright, odoriferous Flame, 
which being carried up and fufpended in the Air, it infenfibly vanifbes, 
which is owing to the Subtility of its Parts. 

To 

¥ A People of India fo called; but according to Pliny, Abali, 
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To this I thall add, that it will be very eafy to pulverize Campbhire 
for the Ufe of Artificial Fireworks, if it be ground and pounded gently 
with Suépbur ina Mortar. The O:/ of Campbire, which anfwers the 
fame End, is made by adding a little O7/ of Sweet Almonds, and grind- 
ing them together in a brafs Mortar, with a Peftle of the fame Metal, 
till all of ic be turned into an Oi/ of a greenifh Colour. Or. if your 
Camphire be good, and pure, you may ftop it clofe up in a Glafs Phial, 
and put it into an hor Oven, where let it remain till you judge it to be 
thoroughly diffolved: Your Campbrre will then yield you a fine, clear 
O:/, which will burn with admirable Sprightlinefs. 


CHAP. XXIV. 


Of Water of Sal Armoniac. 


"TAKE of Sal Armoniac 3iij, of Saltpeter 3}, pulverize them very 

fine, and mix them well together; then put them into an Alem- 
bic, and after having poured fome of the beft and ftrongeft Vinegar 
you can get, upon them, diftil chem over a flow Fire. 


CHAP. XXV. 


Of a certam Artificial Water, which burns upon the Palm of 
the Hand without doing any Hurt. 


T AKE of the Ock of Naphta or Petrol, and Turpentine, of Quick 

Lime, Mutton Suet, and Hog’s-Lard, an equal Quantity of each, then 
beat them together till they are well incorporated; which done, diftil 
them over hot Afhes or burning Coals. 


CHAP. XXVI. 


How to prepare the common Sort of Match. 


L&Et there be firft twifted fome Rope, of half an Inch Diameter, 
made of the fecond Cambings of Flax or Hemp, free from any of 

the Stalks. Then take of Athes of Oak, 4/b, Elm, or Maple, three 
Parts, of Quick Lime one Part, and make a Lye of it as ufual; to 
this you fhall add one Part of Saltpeter ; and of the Juice of Horfe 
or 
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or Ox-Dung well filtrated, and gently expreffled through a Woollen 
Cloth, or Sieve, 2 Parts. Thefe Ingredients being well incorporated, fhall 
be poured upon the Rope in a Brafs Cauldron, well fixed upon a Fur- 
nace ; the Fire fhall be at firft lighted under it by flow Degrees, till ic 
is arrived to the higheft Pitch. Thus it muft boil continually for the 
Space of two or three Days, being conftantly fed with frefh Supplies 
of your Lye as faft as it is wanted, left either your Match or Cauldron 
fhould burn. In fhort, your Match having undergone this Ebullition, 
you hall take it out of the Liquor, and wring it well, continually wip- 
ing off the Liquid which fqueezes out of it with a Linnen Rag ; and then 
hang it upon long Poles to dry in the Sun; after which it may be laid 
up in fome convenient Place till wanted. 


CHAP. XXVIL 


How to prepare Match or Fire-Rope, which will neither fmoke 
nor yteld any ungrateful Scent, 


AKE certain Meafures of fine Red or Carbuncular Sand, well wafhed 
and dried, a Layer of which you mutt put into an unglazed Earthen 
Pot, and upon that, a Layer of common Match; which you mutt coil 
in a Spiral Line, in fuch a manner, that there be the Diftance of half 
an Inch between each Revolution of it. Over this Stratum of Rope, 
put another deep one of Sand, and upon that another Stratum of Match 
or Rope as before, and fo on alternately Layer upon Layer, till you have 
filled the Pot, which muft be covered with a Lid of the fame, and well 
luted with Clay, that no Air may have Accefs to it. The whole being 
thus ordered, you ‘hall. encompafs it with lighted Coals, in which 
Pofture it muft remain for fome time: You shall then fet it to cool, and 
being quite cold, take out the Sand and Match. ‘You may alfo proceed 
in this manner in the Preparation of common Sponges, except that 
they muft be firft cut into {mall longifh Pieces. If you take lighted 
Pieces of the above-mentioned Match, and bury them in the Afhes of 
Suniper Wood, they will burn fomé time without any ill Smell, and 
the outward Air will not confume them fo faft as it doescommon Match; 
therefore you may hide it where you will, without fearing it will be 
difcovered either by its Smoke or Smell. 


CHAP, 
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CHAP. XXVIII. 
The Manner of preparing Pyrotechnic Sponges. 


"TAKE of the greateft and oldeft Mufbrooms, or Toad-ftools, that 

grow at the Roots of Afb, Oak, Fir, Birch, and other forts 
of Trees; ftring them, and hang them up in a Chimney, where being 
macerated, take them and cut them in Pieces, and beat them vehe- 
mently for fome time with a Wooden Mallet. This done; boil them 
over a flow Fire in a ftrong Lye, with a good Quantity of Salpeter 
in it, till all the Moifture is evaporated. Then put them upon {mooth 
Boards, and fet them to dry in an Oven of moderate Heat, after 
which you muft beat them with a Wooden Mallet as before, till they 
are perfectly fupple and foft. Thus prepared you fhall keep them in a 
proper Flace till wanted. 


CHAP. XXIX. 
How to prepare feveral forts of Quick Match for Artificial 


Fireworks, 


you fhall make Match of the Tow of Flax, Hemp, or Cotton, of 

. two or three Strands, but moderately twifted, and put them in a 
new glazed Earthen Pot. Pour upon them of good White-wine Vine- 
gar 4 Parts, of Urine 2 Parts, of Brandy x Part, of purified Saltpeter 
1 Part, and of pulverized or meal’d Gun-powder 1 Part. Boil all thefe 
Ingredients together over a quick Fire, till all the Moifture is evaporated, 
Then ftrow Flower or Meal of the beft Gun-powder you have upon a 
fmooth large Plank, and rowl your Match in it; after which let it dry 
in the Sunor the Shade, no matter which. That. which is prepared af- 
ter this manner confumes very faft; but if you would have it to burn 
flower, you may make your Lye or Liquor weaker than we have above 
prefcribed; and therefore you may boil it in Vinegar and Saltpeter only, 
then powder it over with Flower or Meal of Gun-powder, and let it dry 
as we faid before. 

There is another kind of Pyrotechnic Quick Match, which is not twifted 
at all, but is only boiled juft as it is, in the above-mention’d Compofition, 
or elfe fteeped in good Brandy for fome Hours, and then powdered over 
with Flower or Meal of Gun-powder as before, and dried. There are thofe 
K k. who 
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who add a little Gum Arabick or Tragacant to the Brandy, particularly 
when they would have it ftick faft to any thing. 

Francis ‘foachim Prechtel, in the fecond Part of his Pyrotechnics 
Chap. I. gives an Account of a kind of Qyick Match which is very flow 
in taking Fire, and in burning. He thus orders the Preparation of it. 
Take of Ma/ffich 2 Parts, of Colophouza or Fine Rofin. 1 Part, of Wax 
t Part, of Saltpeter 2 Parts, of Charcoal + Part. Burn them to that 
degree, that they may be eafily pulverized, and grind each of them {e- 
parately into a very fine Meal or Flower. ‘Then mixing them well to- 
gether, fufe or diffolve them upon the Fire. This done, take your 
Match made either of Flax or Hemp, of a pretty tolerable thicknefs, 
and dip it into this Compofition, and repeat your dipping till it has ac- 
quired the Size of an ordinary Candle. When you would ufe any of 
this, light it thoroughly at firft, then blow out the Flame, that chere 
may remain nothing but the burning Coal. 


CHAP. XXX. 


How to prepare Lutum Sapientiz or Lute. 


TAKE what Quantity of Loam you want, and dry it, beat it, and 
fearce it well, and with it mix fome Shreds of Raw Silk, or the 
Sheerings of Woollen-Cloth: Upon thefe you muft put either Horfe or 
Afs-Dung, or Fileings of Iron; knead them well together with a fuffi- 
cient Quantity of Whites of Eggs; and with this Pafe or Lute you 
fhall ftop up the Glafs or Earthen Veffels you intend to put upon the 
Fire. You muft ufe ic whilft it is frefh and moift; for after it is dry it 
will be of no Ufe to you. 

Or elfe take of Whirce Chalk or Plafter 4 Parts, of common Afhes 4, 
of Horfe or Afs-Dung dried 1 Part, together with a little of the File- 
ings of Iron, and Shreds of Raw Silk. Beat them firft with a Stick, 
then with a Shovel, or Wooden Pounder: After which, being well 
kneaded, they thall be put upon fome firm Plank, or fixed Stane, and 
beaten over again, till they are fufficiently mixed and incorporated. 


CHAP. 
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CHAP. XXXI. 


Some Excellent and Approved Medicines and Antidotes a- 
gamft Burns by Gun-powder, Sulphur, Hot Iron, Melted 
Lead, &e. 


From my own Experience. 


I. 
Be L fome freth Hog’s-lard or Fat in common Water, over a gen- 
tle Fire, and then expofe it to the Air for 3 or 4 Nights. Put it 
afterwards into an Earthen Pot, and melt it over a flow Fire, and 
ftrain it through a fine Linnen Cloth, over cold Water; then wath it 
in clear Water till it is perfectly white, and put it into a Gally-Pot againft 
you want it. This is for anointing the Part that is burnt as foon as 
poffible. The Effect of it is fudden and admirable. 
2. 
Take of Plantain Water, and Oil of Italian Nuts, a quantum fufficit 
of each. 


3. 
Take of Water of Mallows, of Rofes, of Allum Plume, a quantum 
Jfufiett, and mix them well together, with the White of an Egg. 


Make a Lixtvium or Lye of pure Quick Lime and common Water; 
and add to it a little of the Ozls of Hempfeed, Olives and Linfeed, toge- 
ther with fome Whites of Eggs; mix them well together, and anoint the 
Part which is burnt with this Compofition. All thefe Ointments cure 
Burns without Pain, or leaving any Scar behind; as I my felf have often 
experienced. 


Receipts taken from feveral others, 


Take O:/ of Okves 1 Part, of Or! of Sweet Almonds 1 Part, Juice of 
Onions 2 Parts, of Liquid Vornifh 1 Part; rub the Part affected with 
this Compofition. 

If the Part happens to be bliftered, or ulcerated, the following Oint- 
ment is very excellent in fuch a Cafe. 

Boil a good quantity of the inner Bark of Elder, in Oxl of Olsves, and 
ftrain it through a Linnen Cloth; then add to it 2 Parts of Ceru/e, of 
burnt Lead, of Golden Litharge 1 Part eachs put them all together in a 
Leaden Mortar, and mix and pound them till they are reduced to a Li- 
miment. You mutt take care not to break the Blifters the firft or 

I con 
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cond Day; but-afterwards you may do it; for thefe Accidents are fome- 
times cured by Perfpiration only; according to Leonardus Bottalus de 
Vulneribus Sclopetorum, Cap. xxi. 


2. 

Melt. Lard into 3 ij of Water of Morell, or Garden Night-/hade, and 
3 j of Oil of Saturn. Mix them well together. This is a fovereign 
Remedy. 

Or take Mucilage of Henbane Roots, and Flowers of Red Poppies, of 
each 3 j, of Saltpeter 3j. Mix them together with Os! of Camphire, 
and make a Liniment of them according. to Art. 

Or take of the Juice of Onions roafted under hot Afhes 3 1, of Ox! of 
Walnuts 3}. Mix them well together. 

Or (if you will) take of the Leaves of Black Ivy 2 Handfuls, well 
pounded with Plantain Water; Oil of Olives 1 tb. Boil them all with 
2 ij of good White Wine, till all the Wine is evaporated: When the 
Coétion is over, put as much Wax amongft it, as is neceffary, to give it 
the Form and Confiftence of a Liniment. 

Again; take old Lard, melted by a Flame, and received in 3 ij of the 
Juice of Beer Root and Rue, of the Cream of Milk %j, of the Mucilage 
of Quince Seed, and Gum Tragacant, or Dragant, of each 3fs. Mix them 
well, and make a Liniment of them. o/ephus Quercetanus, 1n Libro 
Sclopetario, tells us this is a good Remedy. 


CHAP. XXXII. 


Of a certain. new Invention for meafuring Gun-powder, Salt- 
peter, Sulphur avd Charcoal; together with a Searce, 
and feveral other Things reguifite in the Preparation of 
thofe Ingredients. | 
OU will fee the Form of ‘this’ new-invented Inftrument in Fi- 
gure 18, the Conftruction of which is very fimple, and you 
may eafily order it after this manner. Make a Cylinder with a 
Copper Plate, and folder it well. Though its Breadth A B, and its 
Height AC, or BD, are arbitrary, it will neverthelefs be better 


if you have a certain determined Dimenfion. In our Example, let us 


fuppofe a Cylinder that holds 4 1b of ordinary Gun-powder, upon which 


Account the Side I H of the {quare Inftrument or Scale (which is juft as 


long as the Cylinder is high) is divided into 4 equal Parts, each Divi- 
fion anfwering to 11b; we then fubdivide each of them into 2 equal 
Parts denoting the half Pounds, and each half Pound into 2 other equal 
Parts, to exprefs the Quarters, and each Quarter into 8 equal Parts. to 

mark 
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mark the half Ounces. The other Side of it (viz.) I K,. is adjufted for 
the weighing of Coal, and divided and marked with proper Lines and 
Characters. Obferve here, that you cannot well divide this Side, till you 
know the Weight of the Charcoal that fills the Cylinder. For Example; 
if this Cylinder, that holds 4. ib of Gun-powder, holds only 2 Ib of Char- 
coal, you mutt bifect the Side I K into two principal Parts, which may be 
fubdivided in the manner we have already fpecified. What I have here 
faid of Charcoal, muft be underftood with regard to Sudpbur and Salf- 
peter, each of whofe particular Divifions may be marked upon the two 
other Sides of the {quare Inftrument abovementioned. This Inftru- 
ment being adjufted, may be ufed after this manner. For Example; 
if you would meafure 2 tb of Powder, lift up your {quare Inftrument or 
Scale by the Ring at the'end of it, till-N° 2 exaGly- seuches the Bottom 
of thé Cylinder, then make it faft with: the Screw Kk, for fear it thould 
be prefled downwards by the Weight of the Powded, Thus you "may 
proceed in the Menfuration of any of the other Ingredients. 

| Fig. 19. is a Searce. Its Height is 3 Feet, itsLength 3 1 Feet, and 
its Breadth 4 + Feet. In the Body of this, at B, the Drawer C is contrived 
to go in and out, which is 4 Foot high, 3 { Feet. long, and 2 : Feet 
broad; into this Drawer, through a fine Hair Searce or Sieve E, falls 
the Meal, which goes down the fhelying Boards in the Box A, and 
which you may take out with a little Wooden Ladle, made for that 
Purpofe, in the Form as you fee Fig.E. D is a Crofs that holds the 
Sieve with four little Iron or Wooden Pegs or Pins, thereby making it 
ferve with the more Convenience for fifting. G isa Goofe-Wing, or 
the Wing of any other Bird, for {weeping the Powder together. H is 
a dry, fmooth, wooden, mealing Table, which is on cach Side inclofed 
with a Board, upon which your Ingredients for Gun-powder are to be 
ground and pulverized, or mealed. I, K, L, are Grinders, for grind- 
ing your Ingredients upon the. above Table. M is another Table with 
a {quare Hole in the Middle of it at N, which is fhut up clofe whilft 
the Materials are grinding and pulverizing, but opened when you 
would withdraw your Ingredients. 
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PART the FIRST. 


BOOK IIL 
Of RockKeETS. 


m0 OC KETS have always held the firft Rank of the 
ete. feveral forts of Fireworks, that have been for fo ma- 
ny Years paft in Vogue. The Latins called them 
Rocheta, and the Greeks, Pyroboli; which laft De- 
nomination does not ftri€tly agree with what we un- 
derftand by a Rocket ; inafmuch as wvegSean proper- 
ly fignifies Tela Ignita, or Fiery Darts. The Ita~ 

lians call them Rochette and Raggi; the Germans, Steigende Kaften, Ra- 
getten and Drachetten ; the French, Fuzees ; and the Poles, Race. So 
much for their Names; but as to their Invention, it is certainly as an- 
cient, as the Conftru€tion of them is now common and familiarly 
known to Pyrodolif!s and Fire-Engineers; which, tho’ it may at firft 
Sight appear very eafy and fimple, yet it requires the utmoft Labour 
and Skill to bring them to Perfection, and is the firft Task enjoined ta 
the Difciples of * Prometheus, who would learn the artful Management 
of Fire. And truly I think it very reafonable that this fhould be their 
firft Work, inafmuch as all the forts of Fireworks exhibited for the pub- 
lic Diverfion, fuch as Fire-wheels, Cymetars, &c. make but an imper- 


* He is fabled by the Ancients to have made Man of Clay or Earth; and to have ftolen Fire 
from Heaven wherewith he animated the Man he bad made. 
fect 
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fect Appearance without them. I therefore thought myfelf obliged in 
this Third Book, to inftru& you in the due and proper Methods of pre- 
paring them ; to fhew you their different Forms and Conftruction ; and 
to difplay the particular Ufe they are of. 


CHAP. IL. 
Of Small and Middling Rocket-Moulds. 


SORT I. 


R OCKET-MOULDS are commonly made of Brafs or Lattin; or 
they may be turned of fome hard Wood, fuch as Cyprefs, Palm- 

tree, Chefnut, Box, Walnut, Juniper, Wild Plumb, &c. But if you 
would have them formed of more valuable Materials, you may make 
choice of Ivory, or fome fine Indian Wood. Workmen do not always 
obferve the fame Proportions in the Dimenfions of them, no more than 
the fame exterior Ornaments in adorning them; and in this they 
verifie that Proverb, which fays, 4s many Men, fo many Minds. 1 fhall 
now give you the Proportions of {mall and middling Rocket-Moulds , 
(obferve here that we call thofe Rocket-Moulds, {mall, whofe interior 
Diameter or Orifice cannot receive a Leaden Ball or Bullet that exceeds 
t Ib: the middling Sort, are fuch whofe Diameters dan admit Bullets 
from 1 tb to 2 tb, or 3 Ib at the fartheft: and thofe are called great 
Moulds, whofe Diameters can admit of Balls from 2 tb to 100 Tb.) as to 
the Moulds of the larger Sort, I thall {peak of them in the following 
Chapter. The firft Mould then is after this Fafhion. In Fig. 20. I fup- 
pofe that the interior Diameter of the Mould (viz.) A, B, is equal to the 
Diameter of a Leaden Bullet of : ib; and that the Height of the Mould 
from Y to E, is 7 of the aforefaid Diameter; and that from E to G is 
the Height of the Breech or Bottom, which ftops up the Mou/d whilft 
the Rocket is driving; which is 1} Diameter. You muft here take No- 
tice, that it is che common Practice of Pyrobol:/s to meafure the hollow 
Cylinders or Orifices of Racket-Moulds by the Diameters of Leaden Balls. 
To return then to our Subje&t: upon the Bottom you have a folid Cy- 
linder whofe Diameter is C, D, or 4% of its Height, which is 1 Diameter 
of the Orifice: This Cylinder is crowned with the Hemifphere or Half- 
Bullet L O P M of ¢ of the fame Diameter. As to the Ornaments 
in general, they mutt be left to every one’s particular Fancy ; but we moft 
commonly affeé an Imitation of the Columns of Architecture. In our 
Figure the Height of the Capital is one Diameter. Now to form the 
feveral Members of it; this fame Diameter being fet off from Y towards 
G, upon the Line Y, G, you thall trifect it into 3 equal Parts; each of 
I | which 
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which (hall be fubdivided into other {maller Parts. Moreover from F 
to K you fhall fet off one Diameter for the Members of the Bafe. I 
fhall be more particular upon this Head when I come to the Explanati- 
on of the following Figure, which is more artfully wrought, and more 
adorned than this: But in the mean time you may take all the Propor- 
tions of this with a pair of Compafies. The Thicknefs. ofthe Mould 
from A to W, and from B toX, as likewife from S to Z; and from Aa 
to R, and then down to T and U, is 1 4 a Diameter of the Orifice of the 
Mould; but from F to C it isa whole Diameter, and in fhort from G to 
H it is 3 of the fame Diameter. I isan Iron Pin that runs through the 
Subftance of the Mou/d, and through the Cylinder upon the Bottom, to 
keep them together whilft the Rocket is driving. 


SORT IL 


In Fig. 21. the Height of the whole Mou/d G, E, is 9 of the Diame- 
ter A, B, two of which are taken up by the Bottom. A, B, C, D, is 
the Hollow of the whole Mould, A, N, or G, L, is the Height of the 
Capital of it, and is 1 tof the Diameter A, B. Now this Diameter being 
divided into 80 equal Parts, it will expedite our taking the Proportions 
of all the particular Members of the Capital. Firft then, in going 
downwards, the Sloping Cornith fhall be 7 Parts high; the Lift of it 3; 
the Echinus reverfed 7; the Lift of that 3; the Cymatium or Doric 
Gule-revers'd 7; the Lift of it 3; the upper Band 10; the Face 10; and 
the nether Band 10.alfo; the Reglet 2; the Apophyge 10; the upper 
Ring 2; the Aftragal 4; and-the nether Ring or Neck of the Column 2: 
the Projettures of one and the other Lift or Fillet is 5 Parts ; as is 
alfo the Retreat of the Face. The half Diameter of the Doric Gula 
fhall be taken upon the Perpendicular of the Face, and upon the 
Reglet that is under it; but the Semi-Diameter of the reverfed Echinus, 
fhall be taken upon the Perpendicular, that defcends from K upon A, G; 
as for A, K, it fhall be 30 Parts of the Diameter. The Semi-Diameter 
of the nether Echinus anfwers to its own Height. The right Line U, F, 
terminates the Projecture of the Lifts or Rings on one Side, and the 
Line I, E, on the other ; but that would be encreafed if from B and U, 
and A and I you allow 60 Parts of the Diameter. Know alfo that thefe 
right Lines determine the lower Part, or Bafe and Pedeftal of the Mould. 
The upper Thicknefs of the Mould as far as the Aftragal is ¢ a Diameter 
of the Orifice or 40 Parts, but the Lower Thicknefs of O, P, upon the 
Bafe is 50 of the fame. All the Thicknefs of the Middle or Shaft of the 
Mould is terminated by the right Line M, O, but the Thicknefs of the 
Bafe by that other Line E, W, upon E, I; the whole Bafe is 1 ; Dia- 
meter in Height. Let us now fpeak of the feveral Members going up- 
wards: Firft then, the Plynth is 110 Parts high; the. little Echinus re~ 
verfed 8; the Lift under it 2; the Doric Cymatium 6; the Reglet 2; 
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the Tore 6; the Liftel 2; the Projecture of the Lifts, and the Semi-Dia~< 
meters of the Echinus reverfed, and Doric Cymatium, anfwer to their 
refpective Heights. The Members of the Pedeftal are the little Tore which 
is 3 Parts, and the Reglet but two Parts only. The Diameter of this (viz.) 
E, F, is 3 of the Diameter aforefaid. The Cylinder C,Q, R, D, upon the 
Pedeftal is one Diameter in Height, and its ThicknefsQ_, R, is 78 Parts 
of the fame Diameter: The Diameter of the Hemifphere upon the 
Cylinder is $ of the Diameter of the Mould, and confequently 60 Parts 
of it. This is what I have to fay of the lefler Rocket-Moulds, as well of 
the leaft as the middling Sorts. If therefore you would fucceed in your 
Attempts in this kind of Work, you muft take care nicely to obferve the 
Proportions we have laid down; but indeed the outward Embellith- 
ments may (as we have already faid) be alter’d, and varied according to 
the Fancy of the Perfon who makes them. Befides thefe two Figures, I 


prefent you a third (viz.) Fig. 22. by means of which we may determine Fig. 22. 


the proper Dimenfions and Ornaments of great Rocket-Moulds; and 
from thence find the due Proportions of thofe of Ieffer Sizes; That 
which I have given in this Figure is but of one Loth or half Ounce; 
and from thence we may find out Moulds for the 3, $, +, .$ Part of a Loth 
after this manner. The Bafe of the Figure AB, is divided according to 
a Cubical Ratio, and upon the Points of Divifion you have Perpendicu~ 
lars erected, which are terminated by the Secant C, D, which muft be 
produced from C to D; provided that B C, which is the Height of a 
Mould of one Loth, be g Diameters of its Orifice or hollow Cylinder ; 
and then all the Perpendiculars may be drawn of the fame Proportion as 
10 Height. : 

Obferve here that the Semi-Diameters or Radii of the Quadrants, and 
the Lines produced to the Extremities of them, in the Figure of the 
Mould of one Loth, denote the Thicknefs of the Mou/d in the Places 
where their Centers are fituated. To conclude; what we have here 
faid concerning the Proportions of {mall Rocket-Moulds found out by 
means of a larger, may be inverted; and you may reciprocally have the 
Proportions of large Moulds by means of one of the {maller fort... 


CHAP. Ii. 
Of great Rocket-Moulds. 


W E have in the foregoing Chapter limited the Proportions of {mall 
and middling Rocket-Moulds ; having allowed them 7 Diameters 
of their hollow Cylinders without reckoning the Bottom: And it muft 
not be wondered that I have taken this Liberty; my continual Expe- 
rience, and the moft valuable part of my Life which has been devoted 
Mm te 


134 


Of the Great Art of ARTILLERY. Book III. 


to this kind of Study, having fufficiently confirmed my Practice, and 
convinced me that they neither can nor ought to be made otherwife, if 
you would have them to anfwer as they fhould: And the Authority of the 
moft modern Pyrodoi/s will fupport me in what I have laid down; for 
to fpeak my Mind, it is in vain for you to feek after thefe nice Propor- 
tions in the Writings of the Ancients; for if you compare them all to- 
gether (I aflure you, I have now before me at leaft 2 couple of Dozen of 
Authors who have written on Pyrotechnics,) you will find them not only 
widely different from one another, but likewife entirely contrary to my 
Obfervations, and (if I may fo fay) Diametrically oppofite to my Pra- 
tice. But be this as it will, I fhall give you fome of their Rules and 
Directions to confirm my Affertion. Firft then; Brechtelius in the fe- 
cond Part of his Pyrotechnics Chap. IX. faith, ‘That the Mould of a 
Rocket of one tf, ought to be the Height of 2 Fingers, and the Diame- 
ter of its hollow Cylinder the Breadth of two of the fame. Here the 
Diameter and Height are in a Subquadruple Proportion to one another ; 
but he increafes his Moulds by adding fucceffively + of a Finger both to 
their Breadth and Height. From this Progreffion this confufed Difpro- 
portion will arife, That a Rocket-Mould of 17 tb will have its Diameter 
in a + fubduple Proportion to its Height; and the Diameter of one of 
100 1 will be within a little more than } of its Height: Thus the Dia- 
meter and Height will be to one another as 106 is to 131; butas this 
Number is a Surd,’ it cannot be reduced to the loweft'Term. - However 
the Height will be to the Diameter in a fuperpartient Proportion or as 
1, *% Parts. You mutt here again obferve that the Diameters of his 
Moulds are not increafed in a Cubical Ratio as they ought to be, but by 
an uniform Progreffion (namely) by the Addition of ; of a Finger; and 
that the Heights of his Moulds are moft fadly proportioned to their Dia- 
meters: Upon the whole, I am perfuaded that this good Man never made 
any Rockets in his Days, that exceeded one or two Ib; for it would have 
been impoffible for him to make fuch ill-contrived Things depart, or ob- 
lige them: to mount up, they being almoft'as broad as they were long, 
This is not the leaft Defeét when he’ fays, that che Diameter of a-Afould 
of one ib ought to be 2 Fingers; for it being certain that 2 Fingers ex- 
adtly conftitute the Diameter of an Iron Bullet weighing one Ib of No- 
remberg; it will follow, that the Diameter.of a Mould of 100 Tb will ac- 
cording to his reckoning be 26 Fingers and?. Now if we fuppofe this 
Diameter to be that of an Iron Bullet, it ought to weigh 2326 ib 
3 Ounces: But if we ‘fuppofe i it to be the Diameter of a Leaden one (in 
purfuance to the prefent Practice, as I before hinted) fuch a Bullet fhould 
weigh 3350 16 13° Ounces. By this, any one may readily perceive the 
wretched Miftakes- Brecbte/ius has fallen into, and how abfurdly. he rea~ 
foned upon this'Head; and'confequently take care not to mind what he 


| This is right, The French: has it Subdecuple, which is impoffible, 
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teaches. Yobannes Schmidlapius is the fecond of thofe ancient Pyrobo- 
lifts I thall mention, who lived fome time before Brechrelius. He would 
have the Moulds of all Rockets be the Height of 6 Diameters of their 
Orifices ; as for the Diameters themfelves he increafes them after this 
manner. He divides the Diameter of the firft Mou/d into five: Parts 
(which he fuppofes in his Figure to be equal to that of a Loth or -half 
Ounce of Lead ) and adds two of thofe Parts to the firft Diameter to con- 
fticute that of the fecond Mould. This is the Order he obferves in the 
ConftruGtion cf Moulds ad Infinitum. But to fpeak my Mind as to this 
Matter ; he allows too great a Height to his larger Moulds, and has af- 
figned no certain fixed Meafure for the Diameters agreeing with the 
Diameters of Leaden or Iron Bullets. However I have often tried, and 
found that Diameters increafed after the manner he prefcribes, obferve 
the following Progreffion with regard to Leaden Bullets; (namely) the 
fecond Diameter containing } of the firft, is exaétly the Diameter of a 
Leaden Bullet of 3 Loths: The Third containing 7 of the fecond Diameter 
anfwers to that of a Leaden Bullet of 7 Loths; the Fourth of 2 of the 
third Diameter is equal to the Diameter of a Leaden Ball of 20 Loths: 
The Fifth containing } of the fourth Diameter is equal to that of a 
Leaden Bullet of one [5 22 Loths : The Sixth? of the fifth Diameter is 
equal to the Diameter of a Leaden Ball of 4 1b 26 Loths: The Seventh 
3 of the Sixth, to the Diameter of a Leaden Bullet of 13 ib: The 
Eighth } of the Seventh, is the Diameter of a Leaden Ball of 3¢ Ib: 
And to conclude ; the Ninth ; of the Eighth is equal to the Diameter 
of a Leaden Bullet of 98 It. From what I have here been faying, it 
- follows, that this Author has not afcertained any fix’d or limited Propor- 
tion to increafe the Diameters. But this is pretty excufable, and we do 
not condemn him entirely ; inafmuch as he has taken upon him to thew 
us, how to make Rockets of fuch Sizes, that a {mall one may exaétly fill 
up the Hollow of a larger. This may be eafily conceived ; for if (for 
Example ) you take the Diameters of g Rockets, beginning from one 
Loth, to fuch a Number of Pounds as we have fpecified above; the 
Eight Firft being put into one another, they will all very conveniently 
go into the ninth and laft Rocket, the Diameter of whofe. Orifice 
is equal to that of a Leaden Ball of 98 ib: But you muft take care thar 
the Paper of your {mall Cafes, and the Wood of the great ones do not 
exceed 5 of their refpective Diameters. Thefe two Pyrobolifis I have 
now been {peaking of, are the moft ancient I can recollect ;. the firft ha- 
ving printed his Pyrodely about 59 Years ago; and the other publithed 
his about go Years fince. Amongft thofe of the lateft Date, we find 
Diegus Ufanus. ‘This Author, in Chap. XXVI. of -the third Treatife of 
his Artillery, determines the Heights of little and big Rockets to be 6 or 
7 3.0f. their Diameters: Therefote in this, He comes pretty near to the 
Proportions of our {mall Rockets; but differs widely from our Rules 
with regard to Great ones, But the moft modern and moft excellent Py- 
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robolift of all thofe I ever read (without difparaging Adrian Roman, 
Sames Valbauje, Furtenbach, Frontshergue, and feveral other worthy 
Perfons, who have treated learnedly on this Subject) is one called Han- 
zelletus Gallas, who by his Name fhould be a Frenchman : This Author 
makes the Moulds of all his Rockets from one Loth to 6 ib to be 6 Dia- 
meters, and it is in this that he difagrees the moft from us: But as 
for great Rockets (in which confifts the whole Secret of the Art) he 
fays, it is fufficient if they be 4, 4 ;, or 5 Diameters in Height; 
here he approaches very near to our Proportions. As for our Ob- 
fervations on the Conftruction of great Rockets, we here prefent you 
with a Mould (Fig. 23.) calculated for the making thofe of 20 1b, I ha- 
ving fuppofed the Diameter of the hollow Cylinder A, B, to anfwer to 
the Diameter of a Leaden Bullet of that Weight. The Height A, C, or 
B, D, is 6 }< Diameters: And is taken from the following Tadk, 
where 86 correfponds exa@tly with 20 ib; that is, that the Diameter 
A, B, being firft divided into 100 equal Parts, 86 of them were taken 
off by the Compafles, and repeated 7 times from A or B, towards C or 
D, to conftitute the Height of the Mould AC, or BD, For as the Dia- 
meter compofed of 100 equai Parts being 7 times repeated gives the 
Height of Rocket-Moulds of one tb, fo 86 being 7 times repeated gives 
the Height of a Mould that is 6 4. of its Diameters. Thus you may find 
the Heights of all Mou/ds whofe Diameters anfwer to the Diameters of 
Leaden Balls as far as too If. But if you would have them by the Rule 
of Three, fay, as 100 is to 7, fo is the Number over-againft your Num- 
ber of Pounds in the following Table toa fourth Number. Or you may 
divide the Diameters of the hollow Cylinders of the Moulds into 100 
equal Parts, and take as many Parts from that Number, as anfwer to 
the Number in the Tab/e oppofite to the Number of Pounds anfwering 
neareft to the Diameter of your Mould; a fevenfold Repetition of which 
will give the due Height of the Mou/d you would make. The fame it is 
with the Diameter of a Mould of 100 ib, which if it be divided into 100 
equal Parts, and with a pair of Compafies you take + 57 of thofe Parts; 
2 fevenfold Repetition of them will give the Height of a Rocket-Mould of 
100 ib, and which will be 4 of its own Diameter minus 4x3 or 399 
of fuch Parts as its Diameter is divided into. 

From hence it is evident that I have not fallen into an Extreme of too 
much nor too little with regard to thefe Proportions; for I have neither 
increafed the Heights of Moulds by an uniform Progreffion after the 
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manner of Brechtelius, nor laid down one univerfal Dimenfion of Height 
with refpect to the feveral Diameters ; nor always kept to 6 and 6 ; Dia- 
meters, like Diegus Ufanus and Schmidlapius. Upon the whole, I have 
not augmented the Diameters according to the Methods of Schmidlapius 
and Brechtelius, by dividing them into 5 Parts, and adding 2 of the 
like Parts to them to conftitute the Diameter of the fubfequent Mould, 
nor by adding 4 of a Finger, as they have done; but I have decreafed the 
Heights of Moulds proportionably to the Increafe of their Diameters in 
a Cubical Ratio; fo that I believe no one can tax me with having com- 
mitted a Miftake upon this Head. 

Now that you may have no manner of doubt upon you with relation 
to what I have juft been faying, I here-under prefent you with a little 
Table ; which has not been calculated fo much by Theory and Specu- 
lation, as confirmed and afcertained by my long Prattice; which, toge- 
ther with the many Loffes I -have fuftained, and the daily Expences I 
have been at in my Profecution of this Study and Art, gave Life to my 
Invention. 


A Taste of Heights for great Rocket-Moulds, 
Pound Weights of Leaden Bullets {Hundredth Parts of Diameters in 


whofe Diameters anfwer to the] a fubfeptu le Proportion to the 


Diameters of Rocket-Moulds. Heights of Moulds. 

I 100 
2 98 
4 96 
6 94. 
8 92 
10 gi 
12 go 
15 88 
20 oe 
2 4 
a 82 
35 80 
40 78 
45 77 
50 75 
55 73 
60 71 
65 69 
7° 67 
75 66 
80 64. 
85 62 
go 61 
95 59 
100 &7 
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This is not enough : Let us return again to our Figure, and we fhalf 
find ftill fomething farther relating to this Proportion of Moulds. EX 
then, is the Height of the Bafe of one Diameter of the Orifice or hol- 
low Cylinder: X, C, is the Thicknefs of the Mou/d throughout, which 
is + of the fame Diameter; E, F, is the Solidity of the Bafe or Bottom 
equal to 1 4 of the aforefaid Diameter ; B, P, or A, P, is the Capital of 
the Mould whofe Members are reverfed or go upwards: The Lift is 75 
of the Diameter in Height; the Echinus reverfed ;:; the Reglet is 73; 
and in fhort, the floping or inclining Cornice is 7. Q Q fhew the Thick- 
nefs of the Subftance of the Mould; F P denote the Hollowings wrought 
in it, which muft be woulded, or fecurely girt round with glued Cord, 
to prevent the Mould from fplitting whilft you drive the Rocket: Thefe 
Hollowings are + Diameter deep. Befides this, there is a Wooden Cy- 
linder joining to the Bottom, which is the Height of one Diameter ; but 
this Dimenfion for it will not always obtain; for in great Rocket-Moulds 
from 40 to 70 Ib, it muft be but ¢ of a Diameter, and in the reft till 
you come to roo Ib, it muft be but § Diameter. This Cylinder muft 
be crowned with an Hemifphere, or half Bullet, whofe Circumference 
is defcribed from the Center. N, and whofe Diameter is equal to 
$ of a Diameter of the Orifice or hollow Cylinder aforefaid. R, is 2 
{mall Cavity where a Ring of fome Metal is commonly faftened. W, is 
an Iron Pin that keeps the upper and under Part of the Mould together. 
As to any thing elfe, that may be farther remarkable in this Figure, we 
fhall {peak of ic in the next Chapter. 

In Fig. 24. you have a Mould for the Conftruction of Paper Petards 
(in Engh/b, Crackers) which I fhall fhew you how to adjuft, and make 
ufe of in the fubfequent Chapters. I would only have you obferve here 
that the Height of thefe Moulds, which is A, B, C, D, ought tobe 4 
Diameters of their hollow Cylinders, and that the Height of the Bot- 
tom I, K, and of the folid Cylinder G, E, or H F, is one Diameter; in 
fhort, the upper Surface of this Cylinder, E F, muft be a perfect Plane, 
except where it is heightened by the Hemifphere. 


CHA P. IIL 


Of feveral Infiruments for Making, Choaking and Driving all 
Sorts of Rockets. 


Your Rocket-Moulds being thus adjufted, according to the Propor- 
tions laid down in the foregoing Chapters, it will be neceflary that 

you be provided with feveral other Utenfils for carrying on your Work. 
In the firft Place then; for {mall and middling Rockets you muft have a 
Wooden 
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Wooden Cylindrical Driver or Rowler (for very {mall ones we ufe a 
little Iron Rod) whofe Length fhall be equal to the Height of the Mould, 
and its Thicknefs ¢ of the hollow Cylinder. See the Reprefentation of 
it in Fig. 25, where the Line A B is the Length of 7 Diameters of the Fig. 25. 
hollow Cylinder of the Mou/d of the fecond Model in Fig. 21. the lower Fig. ar . 
end of it terminates in an Hemifphere, whofe Sem-Diameter is } of the 
Diameter of the hollow Cylinder (for it is proper this Rowler or Former 
fhould be a lictle longer than the Height of the Mou/d) and the Thick- 
nefs of it C D, is ¢ of the fame Diameter. E is the Handle of it, 
which ought to be a Hand’s breadth in Length. Upon this Rewler or 
Former you fhall pafte or glue together, as nicely as you can, fome good 
ftrong Paper, till by the feveral Turns of ic your Cafe has acquired the 
Thicknefs of ¢ of the Diameter aforefaid ; notwithftanding that in the 
firft Mould, Fig. 20, I have fuppofed this fame Thicknefs to be ; of the 
Diameter ; for then it is neceflary that this Rowler or Former fhould be 
tof the Diameter. But for great Rockets that are made of Wood, fuch 
as you fee in K Fig. 23, the Thicknefs K B, or A lis ; of the Diame- 
ter, or a very little lefs; for there is always a fmall Space, as S, left be- 
tween the Concavity of the Mould, and the Convexity of the Rocker, 
that there may be room for a pretty fubftantial Woulding of ftrong 
Thread or Cord, with which the Outfide of the Rocket is commonly 
reinforced. ‘The Neck or lower Part, G O, of the Rocket in the fame 
Figure is of a Diameter. Now if your Rockets are made of Wood, you 
cannot ufe the Driver or Rowler I have been defcribing above, which is 
defigned only for Paper or Canvafs Rockets; but for Wood it mutt be + 
of a Diameter, and its Length thall be equal to the Height of the Mou/d, 
minus the Height of the Cylinder upon the Bottom. Upon fuch a Row- 
ler or Former I have made Paper and Canvafs Cafes for Rockets of 20 or 
30 ib and upwards, and after having woulded and fecured them round 
with glued Packthread, I have put them into the Nave of a Cannon 
Wheel, and having encompafied them firmly with dry Sand, and fa- 
ftened them with Coins, and fixed a Bottom under them, I have in that 
pofture driven them very conveniently. 

Secondly, you muft have a Rammer or Driver different from this, for 
charging your Rockets, which may be conftructed two feveral ways; for 
if you intend to bore your Rockets after they are driven, (as we fhall 
hereafter obferve) you fhall give it the Form you fee reprefented in Fig. Fig, 16, 
26. Its Length AB, fhall be equal to the Height of the Moxid, and its 
Thicknefs B C thall be minus +, equal to the Axis C, D, in the firft 
Figure, and fhall be perfeCtly fmooth and round, that it may the more Fig. 35, 
conveniently drive or ram the Compofition, and confolidate it in the 
Cafe or Coffin. But if you would drive your Rackets upan Copper or 
Iron Needles or Piercers, fuch as O PQ, and L MH, in Fig. 20. andrig. 25, 
23, your Driver or Rammer thall be of the very fame Dimenfions with 294 23. 
the Hollow of your Rocket-Cafe, or Coffin, and thall have a Cavity in it 
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that exaétly fits the Piercer or Needle; to the end that when you drive 
your Rockets the Needle may have free Accefs into the Driver, and 
that confequently the Compofition may be driven and compacted in a 
firm Body all round it. You muft here obferve, that if the Needle is 
fixed in the Bottom of the Moy/d(which it muft of neceffity be, if you 
would have it in a perpendicular Pofition, and exactly in the middle of 
the Rocket, upon which much depends) you muft have another Bottom 
without a Needle for adjufting the Paper Cafes, and a Driver or Ram- 
mer according to the firft Model; or a hollow Driver, as we {aid before, 
In Fig. 27. (for Example) B A, is the Length of the Driver equal to the 
Height of the hollow Cylinder of the Rocket reprefented in Fig, 23. 
its Breadth B C, is equal to the Diameter of it, or a little lefs, as 
we have already faid: And D, F, E, is the Hollow that receives the 
Needle. 

Befides thefe two Rammers or Drifts, ‘Pyrobolifts have a Third equal- 
ly neceflary for driving Rockets upon Needles. You may fee the Form 
of this in Fig. 28. where its Length A B is equal to the Height of the 
Rocket above the Point of the Needle; that is, from L to I K the Mouth 
of the Rocket-Ca/e or Coffin in Fig. 23. but its Breadth or Thicknefs B 
C, is exaétly equal to that of the firft Driver. This is for driving the 
folid Part or the Head of the Compofition in the Rocket; and the 
Handles D and G fhall be fafhioned as you fee in the Figures: The 
Ends H and E fhall have Brafs Rings round them, efpecially when de- 
figned for the ufe of great Rockets, to prevent their {preading or fplitting 
by the Violence of the Driving. 

Fig. 29. reprefents a Leather Belt or Thong, with its Buckle, Copper 
Ring, and Iron Hook moveable to and fro upon the Belt. It is with 
this that the Pyrobolif girds himfelf when he would choak his Rockets, 
Fig, 30. you have another Hook with a Screw, which being {crewed in- 
to any Tree, or piece of Wood firmly fixed in a Building or otherwitfe, 
ferves together with the Firft, to draw the Cord which is about the 
Neck of the Café after the manner that you fee in Fig. 31. Fig 32. re- 
prefents the Cord, and Fig. 33. is a Wooden Taper-bit for opening the 
Orifice, when the Neck is choaked too clofe. 

We have another Way of choaking middling Rockets (viz.) by a 
Wooden Sheave or Shiver turning upon an Iron Pin or Axis, over which 
is a Cord, one End of which is faftened to an Iron Ring, and the other 
to the End of a Treading Board or Treadle, upon which the Pyrobolift 
prefies with his Foot, as may be feen in Fig 34. 

But for the choaking of great Rockets, you may ufe the Contrivance 
in Fig. 35. with its endlefs Screw, and Handle to turn it (A) together with 
its Hook and Iron Ring to which the Cord is tied to choak the Rocket, af- 
ter having put into the Neck of it a Cylinder done round with Hair or 
Wool, and crowned with an Hemifphere as may be feen in Fig. 36. 
which ferves properly for forming a round Cavity in the Neck of 
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the Rocket. Fig. 37 is fometimes ufed to the fame purpofe ; it being Fig. 37. 
an Iron Inffrument with Hollows cut on each Side of it, into which you 
put the Necks of your Rockets, in order to comprefs or choak them. 
There are other ways of choaking Rockets, befides thofe I have men- 
tioned. As for Example; you may faften any Handfpike or Lever to 
any Wall, Pillar, or Rafter, and then pull upon the Choaker either by 
a great Force or Weight. But as thefe Ways are out of Ufe, and auk- 
ward in themfelves, I thal! pafs them over, and proceed to a Defcripti- 
on of fuch Inffruments and Things as are more neceflary for us to be 
acquainted with. | 

Fig. 38 reprefents a Copper Plate for making a Charger, as you {ee Fig. 39. 
in Fig. 40. I have given it fuch Proportion, that its Length from A to Fig. 4o. 
B is 1 } Diameter of the hollow Cylinder of the Rocket ; and its. Breadth 
C D equal to 2 of the fame Diameter; and have ordered it {0, as to ter- 
minate in a Semi-Circle at the charging End, and have to its Length 
and Breadth added another Diameter refpectively, that it may be con- 
veniently fitted to a little Wooden Cylinder or Handle to which it may 
be faftened with {mall Nails; for let the Thicknefs of the Handle be 
equal to one Diameter, and the Rotundity of its Convex Surface will be 
3 Diameters, that is, equal to the Breadth E F. The Length I have 
afligned for this Plate, ought to be obferved in making Chargers for lit- 
tle and middling Rockets ; for I have often experimented, that Chargers 
made in this Proportion contain exatly fuch a quantity of Compofition 
whofe Height fills one Diameter of the hollow Cylinder of the Rocker. 
Now it will be fufficient, if you put in as much Compofition at a time 
as being well driven with a Wooden Mallet will take up the Space of 
half a Diameter aforefaid. But in driving of great Rockets you mutt put 
in lefs Compofition at a time ; for it will be fufficient if you put in half 
of what we have directed with refpect to {mall Rockets; and confe- 
quently the Plate with which you would make a Charger, that fhould 
hold but juft fo much Compofition as to fill up half the Space we have 
been mentioning of the hollow Cylinder of a great Rocker, and which 
being well driven fhould be only + of a Diameter in Height; fhould have 
its Length equal to but one Diameter. As for the Size of the Handle 
to which the Plate is to be fitted, it fhall be in fuch Proportion as we 
have above directed. 

In Fig. 39 you have the Reprefentation of a Wooden Mallet with Fig. 39- 
its Handle. It fhould be made of fome hard, heavy Wood, fuch as 
Elm or Birch Root; its Length or Height hall be i of its Breadth or 
Thicknefs, which fhall be proportioned to the hollow Cylinders of 
Moulds after this manner. From 100 16 down to f0 ib, your Rockets 
fhall be driven with Mallets, the Diameters of whofe Thicknefs are 
equal to the Diameters of the hollow Cylinders of the Moulds: Bur all 
other Rockets down to 10 tb, with a Mallet whofe Diameter is equal to 
that of a Leaden Bullet of 50 if. In fhort; all from 10 tb to 1 fb, thall 
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be driven with a Mallet whofe Diameter is equal to that of a Leaden 
Bullet of 40 1b; and as for thofe from 1 ib to 8 Loths or 4 Ounces, they 
fhall be driven with a Mallet whofe Diameter is equal to that of a Lea- 
den Bullet of 20 ib. Or to da better, and {peak mere plainly; all your 
Mallets from 100 Ib ta 10 {6 fhall have their Diameters equal to the 
Diameters of the Orifices of their refpective Moulds; which done, you 
fhall make a Cavity in the Ends of them which you do not ftrike with, 
into which you muft pour as much melted Lead as may be fufficient to 
make them as heavy as the Bullets by whofe Diameters the Orifices of 
their refpective Moulds are meafured. We may with a Mallet of 10 Ib 
drive all other Rockets, down to 4 1b; and from 4 16 to 1 Ib with a 
Mallet of 6 tb; and from one ih to tb fs with a Mallet of 4 1b. In fhort, 
from 1 fs to 4. Loths, or 2 Ounces, the Mallet thall weigh 2 tb. 

As for the driving of very {mall Rockets, or (as we call them in Eng- 
glith) Sguibs, you need not be fo nice in the Preparation of them. I 
have known fome modern Pyroboly its who affigned a determinate Num- 
ber of Strokes, and Mallets of various Weights, for the feveral Compo- 
fitions they ufed in driving a Rocket of any one particular Size; fo that 
they changed the Weight of their Mallet, and varied the Number of 
Strokes, according to what Compofition they ufed. But in my Opinion 
this Rule is more ridiculous and whimfical, than ufeful; therefore fet- 
ting thefe Abfurdities afide, this is the moft certain and beft Method 
that can be purfued with regard to this Matter; (namely) When you 
pour Compofition into your Rockets, it fhall not be too dry, for fear of 
its difperfing, and flying about in a fubtile Meal or Duft whilft you are 
driving it ; but thall be a little moift, to the end that it may collect the 
better, and be the more folidly compreffed in the Cafe or Coffin of the 
Rocket. You may believe, it is impoffible to afcertain any determinate 
Number of Strokes that may be exaétly fuffcient in driving it; and 
therefore we can only fay that the Compofition ought to. be driven and 
beaten till ic is become as hard as a Stone. As for thofe Particles that 
are dried by the Violence of the driving, and will not unite with the 
reft; they fhall from time to time be turned out, by ftooping the 
Mould, and ftriking it briskly to make them fly abroad. I muft farther 
caution you, to ftrike the Driver with an equal Number of Strokes, 
as often as you pour your Compofition into the Cafe; and let your 
Blows. be. given with an uniform, Force, neither too violently nor too 
gently, byt with moderation, and. -Making a fhort Paufe after each Blow. 
The Weight. of, the MaJ/et fhall be as, we have.ordered above. The 
Compofitions fhall, be taken. and ufed, in Proportion to the Diameters of 
Rockets, as we fhall obferve in the following Chapter ; and. beware of 
ufing an hundred different Sorts.of Compofitions, for one or. any parti- 
cular fized Rocket, and only ftick to. one or two, which you. thall by 
Experience find, to, be the beft. To this I fhall add, that fuch Ingre- 
dients as are too dry, imperfectly. mealed, and negligently fearced, or 
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that have too much Charcoal amongft them made of any hard, grof 
Wood, cannot be confolidated without a great deal of Labour, and 
therefore muft be driven much longer than thofe which are free from 
thefe Defects. I muft furthermore inform you that the ftronger the 
Compofition is, fo much the more ought it to be driven ; that the Fire 
may meet with the more Obftruction in confuming it, and that by 
means of its folid Confiftence the Action of that Element may be re- 
ftrained. But this, on the other hand, is apt to throw us into a great In- 
conveniency; for the Violence of the driving greatly adds to the 
Strength of the Compofition, and indues it with I know not what ex- 
traordinary Virtue which it had not before ; therefore muft you keep 
this Sentence in Mind, as a general Rule to be obferved in our Art 
(namely) Serva Mediocritatem: Avoid Extreams, and keep in the. mid~ 
dle Path, left by running into either Excefs, your Labour proves vain 
and abortive. But let us have done with this Digreflion, and refume 
qur Subject. Say we then, that the longer the Handle of the Mallet is, 
and the higher the Pyrode/:/ lifts up his Arm to ftrike, with fo much 
the more Velocity and Power will the Mallet fall upon the Head of the 
Driver that is beneath. So that a Mallet of 10 tb only will a@& much 
more violently, and defcend with greater Force, than one of double that 
Weight, but whofe Handle is only Subdecuple of the Firft. If you 
would know the Caufe of this, confult the Mechantcs, and they will fa- 
tisfie you. There are thofe who imagine that all Bodies that are put in 
Aion by any means whatfoever, aét with the more Power upon the 
Bodies they impinge, the denfer the Air is between them: For (fay 
they) it is certain that the Air is condenfed in Proportion to the Velocity 
of the defcending or ating Body; and all fuch as move in a Circle (I 
{peak of this circular Motion only) have their Motion the more {wift, 
the farther they are removed from their Center of Mation ; fo that the 
Velocities of Bodies in this cafe, are to one another refpectively, as the 
Radis of the Circles, and the Cireumferences they defcribe. If now 
you take the Handle of a Ma/let that is fomewhat long for the Radius 
of a Circle, the Center of which is fuppofed to be in the Arm of him 
that ftrikes; ‘“‘ This Ma/et will move more. freely, and with greater Ve- 
“ Jocity: and Power, than another Ma//et, whofe Handle is fhorter though 
* itg Weight may. exceed that of the Firft ;, but is flow and lazy in its 
“ AdGtion by. reafon of the Shortnefs of its Handle.” Thefe Arguments are 
fine and plauftble: But for my part I cannot help thinking, that this. may 
with much more reafon be attributed to the Con/truction of the acting Bo- 
dy or Mallet, than toany other-Accident; and I cannot perfuade myfelf that 
the Denfity of the. Air camany way: contribute towards the Celerity of the 
MayJlet, or make it fall the heavier upon the Driver; and my Reafon is, 
becaufe. there can be but little Air in the Space taken up by the Ma/let 
in.its circular Motion: Addito which, that by a.frequent Repetition of 
that Motion the Air interpofed between the Active and Paffive ss 
wou 
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Fig. 42. 
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would be rarified and difperfed, inftead of being condenfed, and commu- 
nicating an Increafe to the Itenfity of the Power of the Acting Body. 
But we fhall in another place have occafion to trace out more particu- 
larly the Caufes of the Rarifaction and Condenfation of Air, where we 
thall examine in what degree the Air interpofed between two Bodies 
(namely, between one fixed, and another moving naturally, or by any 
Force impreffed) can either affift or deftroy the Motion. I fhall here re- 
mind you of what I faid above (wz.) that the Force of an Arm that acts 
with Violence, greatly increafes the Velocity of the Mallet, and confe- 
quently makes it fall the heavier upon any Object. 

As to great Rockets you may conveniently drive them, if inftead of a 
Mallet, you ufe a kind of Beetle, not much unlike what Arcbhitec?s and 
Workmen commonly drive down Piles, Palt/ades and Stakes with, pro- 
vided you take care to have it of a moderate Weight. This Engine is 
compofed of 3 Spars or Poles well faftened together at Top with a Rope, 
and {preads out in 3 Legs at the Bottom; and has two perpendicular 
Timbers, between which the Ram (as fome call it) with its Iron Rings, 
and Head armed with the fame Metal, is hoifed up by means of a Rope 
reaved through a Pully at Top, and being up, it falls down again by its 
own Weight upon the Driver; which by this Blow violently compref- 
fes, and confolidates the Compofition in the Rocket-Cafe. If this Beetle 
does not exceed 100 fb, it may be eafily kept going by two Men, and 
the longer the Spars are the higher will it be raifed ; and confequently 
falling through a greater Space in its Defcent, the more will its Power 
be increafed, according to that common Saying, Gravis Cafus ab alto, 
Mar. Merfennus in his Hydraulics, Bahftics and Mechanics, treats large- 
ly of this, to whom I refer fuch as are defirous of being particular- 
ly inftruéted in it. Let us now return to the reft of our Infruments. 
In Fig. 41 you have an Iron Cylinder terminating in a Point (or rather 
+ Punch) cowards the plane Superficies at Bottom, with which we 
pierce certain round Pieces of Pafteboard or ftrong Paper which are put 
upon the Compofition after the Rocker is driven. Fig. 42 reprefents an 
Iron Cone that goes tapering to a very fharp Point, which may ferve for 
the fame Ufe as the former Infirument : In A you have a circular piece 
of Iron or Wood perforated in the Middle, which may be ftopped with 
a {mall Nail or little Iron Pin, running into thofe Holes which you fee 
all down the Cone with defign to prevent the aforefaid Piece of perfo- 
rated Wood or Ring from flipping. ‘The Diameter of this Ring thall 
be fuch as may exactly fic the Orifice of a Rocket whilft the Point perfo- 
rates C. This may ferve for feveral .Rockets, provided it be long 
enough, and that you have Iron Rings of feveral Sizes, adapted to the 
Orifices of them. Fig. 43 fhews you the Form of a piece of Wood or 


{ He muft here certainly mean a Peach; for it is certain that a Pasch is fitter for the Work 
he mentions than a Point, 
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Cap, to cover the folid Head of the Compofition in great Rockets, 
which is perforated in feveral Places, and has its Curve Surface hol- 
lowed in a Groove like the Sheave or Shiver of a Block or Pully, the 

ufe of which you fhall know hereafter. Fig. 44 reprefents the Pyro- Fig. 44. 
techmic Knife. In fhort, in Fig. 45 you fee feveral Tools diftinguifhed Fig. 4s. 
by A B and C, for cutting, hollowing, and ingraving all the Wood- 

work ufed in the Conftruction of Pyrobolical Machines, a great Number 

of which I fhall give you in the following Books. 


CHAP. IV. 


How to mix the Ingredients, and prepare Compofitions for 
all Sorts of Rockets, 


OUR Pyrobolifis may be very juftly compared with the canting 4/- 
chymifis of the Times paft, (or the Prefent, if any are yet remain- 

ing) who, tho’ they dealed in nothing but Smoke, yet arrogantly took 
upon them to be Profeffors of fonoble and excellent an Art as Chymiftry; 
and {weating Night and Day in fearch of the Philofopher’s Stone, and 
other fuch Whims as fubfifted no where but in their crazy Imaginations, 
to the fruitlefs Expenfe of their own Wealth or that of others ; impofed 
their Fallacies on the Weak and Unthinking for Truths and Things of 
real Exiftence ; like thofe Fugglers who throw Duft into our Eyes, to 
hinder us from feeing through their Tricks ; and who like them are, at 
the End of the Chapter, obliged to feed on Coal, Afbes, and the Dregs 
of their Alembics, and to drink the Tears forced from their Eyes by a 
perpetual Smoke as an agreeable Ambrofia. For even as thofe footy 
Adepts carefully wrapped up the 4rcana of their Art, or rather of their 
deceitful Artzfices, which they upon occafion knew how to divulge with 
fuch fpecious Appearances of T7uth, and of which if by chance they 
left any Account in writing, they neither expreffed it in Arabick, Chal- 
dean or Syrian Characters, but as a Science of Diabolical ExtraGion, and 
(if I may fo exprefs myfelf) immediately derived from Hell itfelf ; and 
all with a Defign to give their Profeffion the greater Weight with the 
Vulgar ; knowing well that fuch Tézngs as appear the moft myfterious 
to them, and fall the leaft under their Apprehenfion, excite their 4d- 
miration the, moft, and immediately beget in them a longing De/re 
to be let into the Secret : Juft fo is it with our Pyrodolifs, or at leatt 
with the greateft part of them, who feem to have contraéted this evil 
Cuftom, and to have borrowed the Alchymiff’s ridiculous Politics : And 
accordingly they would have us believe, that they obtained the Secrets 
of their 4rt, with much difficulty from their Mafters, or other Per- 
fons deeply verfed in ##: That thefe rare Things were communi- 
Pp cated 
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cated to them in Pledge of perfect Friendfhip, or in Recompence for 
great Services done, or in return for fecret Bribes of Money. But 
mark here their great Difingenuity, and Malice of Heart! for left any 
one fhould eafily come at a Knowledge of thofe Secrets which they fo 
carefully conceal, or gather any thing from their confufed Memorandums, 
they commonly exprefs every thing ufed in Pyroboly, together with the 
Weights and Meafures, by fuch uncouth Characters as are not to be un~ 
derftood by any but themfelves. There are thofe, who have made cer- 
tain explanatory Notes in unknown Characters to fuch Books as they 
had before printed, which if they fhould happen to be loft, Farewel 
Science ! we have nothing more to do than to fhut up our Books and 
our Shops too, and believe that we have loft the Means of enriching the 
Pyrotechnic Treafures, which had been locked up in thofe ineftimable 
Cabinets. In truth, I thould not difapprove of their Defign, but fhould 
commend their extreme Diligence even in this Cafe, if they would purfue 
the Methods marked out by others, in their Endeavours to exalt their Art 
to the higheft degree of Perfection: But it is a very great Weaknefs and 
Folly in a neceffitous Man to be afhamed of borrowing from a Friend, 
what he hopes to repay very foon with Intereft. It is a Task too tedious, 
and unequal to our Strength, to acquire an univerfal Knowledge by our own 
Induftry, without the Affiftance of others. But they are fo far from be- 
ing communicative that they do their utmoft to hide what they have 
learned as holy and fecret Myfferies; fondly thinking, that if they were 
to be divulged the Veneration they are had in would be diminifhed by 
the half; and that cenfequently the Profeffors of the 4rt themfelves 
would lofe a great fhare of the good Opinion the World had conceived 
of their Abilities. Indeed, I for my part have often feen great and 
mighty Collections of Secrets, Remarks and Annotations, (great and vo~ 
luminous as to Paper, but fmall and thin with regard to Science) and 
upon Tryal have found that all thofe rare Things, which appeared fo 
extraordinary to the Reader, were nothing but mere Smoke, the Effa~ 
via of diftemper’d Brains, or like Bladders fwelled out with Wind, which 
can preferve their Bulk no longer than they remain unhandled and 
clofed up. Since their Humour is of this odd Turn, I fhould think 
they woud act more prudently, if they would try thofe Things they re- 
ceive from others as valuable, and endeavour with all their Art to put 
them in Practice, before they infert them in their public Works, by 
doing which they would no longer deceive others, nor be deceived them- 
felves. But the great Misfortune of thefe Men is their having a Notion, 
that all folid Learning confifts in a vaft Heap and Multiplicity of Arti- 
cles and Inventions, which they collect together where-ever they find 
them, without knowing whether they be Good or Bad, Valuable or not ; 
but every thing fhares in their Efteem that does but contribute to {well 
up their Works. But to have done with this Topic; I think thofe mke 
the moft prudent and commendable Methed in their Pyroboly, who 

make 
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make ufe of but one or two Compofitions only which they know to be 
good, whether they be of their own Invention, or whether they be re- 
ceived from any other, whofe Purfe is better able to go through thofe 
expenfive Experiments, provided always, that they are founded upon 
Reafon, and Geometrical Demonftration. Now it being my Defign to 
treat of the ncceffary Compofitions for all forts.of Rockets in this Chapter 3 
I thall endeavour to fhew (being certain that no one ever attempted it 

before) by what means, and in what Proportion the Ingredzents ought 
to be mixed for the Comipofitions of all Rockets ; to the end that from the 
fine Harmony of their Affemblage, and what elfe you will find in the 
Sequel of this Work, you may reap the Fruit and Benefit of our great 
Labour. 

We find fo vaft a Number of Compofitions amiongft the Profeflors of 
this Art, that it is as much as we can do, to guefs which are the beft of 
them; for if we were to try them all, it would take up a great deal of 
Time and Money. Upon this Account it is that I have given myfelf 
the trouble for many Years paft of feeking after a Method, by which I 
might readily come at a Knowledge of the Goodnefs of any Compofition ; 
and have been fo nice in my Refearch, as to put none in Practice till I 
had examined them by an exact Arithmetical Calculation, Geometrical 
Demonftration, and by folid Arguments drawn from Natural Philofo- 
phy. It is here then (Candid Reader) that I not only give you leave ; 
but if you are a good Pyroboliff, or if you have never fo little a {mat- 
tering of the Mathematical Elements joined to a little Knowledge in 
Phyfics; I do even entreat you to examine all the Compofitions which I 
am here going to offet you, thoroughly and to the bottom: For I am 
pretty well affured that you will find nothing to difapprove of in either 
my Theory or Praétice. But Firff you ought to know the following 
general Rules, which will ferve as a Touchftone to try the Value of all 
Compofittons, whether they be of your own Invention, or communicated 
by others; and by means of which alfo you may contrive new ones at 
pleafure. 

The firft Rule is: Rochete quo majores fuerint, lentiori onerentur ma- 
teria: quo autem minores fortiori, ‘That is; the larger Rockets are, the 
weaker and flower fhall their Compofition be; and on the contrary, 
the leffer they are their Compofition muft be the ftronger and quicker. 
This mutt be carefully obferved : And the reafon is; becaufe when the 
Fire feizes upon a {trong Compofition in a great Rocket, it will devour 
more of it ina Moment, than it could in a {mall Rocket in one, two or 
feveral Minutes; for as there is a greater Cavity in large Rockets, the 
Fire has an Opportunity of preying upon a great deal of Matter at once, 
and accordingly confumes a confiderable Quantity of it in an Inftant. 
It is a very difficule thing to prefcribe Laws to Fire, which is the moft 
active and voracious of all the Elements, and much more to fet determi- 
nate Bounds to its Action whilft there remains any. combuftible Matter 

for 
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for it to deftroy. From hence it will neceffarily follow, that a 
ftrong Compofition producing a fudden and inftantaneous Combuttion, 
it muft, when in great Rockets, burft them fomewhere or other. 
Now this happens from the too great Concourfe and Denfity, or 
to. exprefs myfelf clearer, from the extreme Confluence and clofe 
Union of the Rays of Fire iffuing from the Sides of the hollow 
Cone, which together with the great quantity of + windy Exbala- 
tion (generated by the Accenfion of the Saltpeter;) being too much 
Rtraitned, and requiring more room, they by their Impatience of 
Confinement forcibly break through the Pafteboard or Wooden Walls 
of their Prifon. “But the Cafe is quite different in {mall Rockets; for 
the Fire confuming the ftrong Compoftion in them by flow Degrees 
only, the Rays of Fre iffluing from the Sides of their hollow Cones are 
fewer in Number, and in fo narrow a place they have not fo much Wind 
or Exbalation to rarifie ata Time, and therefore are in no danger of 
burfting. 

The Second is: 4d majores Rochetas que unam libram, vel duas ad 
fummum fuperant ; non alligetur alits materiis pulvis Pyrius. For great 
Rockets that exeed 1 or 2 Ib at moft, you fhall mix no Gun-powder with 
the other Ingredients. I have no other Reafon to give for this, than 
what I juft now mentioned; for when Gu2z-powder is mealed, it muft 
be beaten and pounded very much, by which means it is endowed with 
an extraordinary Force; for the repeated Strokes add a great deal of 
Heat to it, and-even Fire itfelf; in fhort, the Pounding unites the Sa/t- 
peter with the Coal and Sulphur, and converts them into a Subftance 
that is perfeétly Igneous, after having purged them of all hurtful Moi- 
fture. Upon this Account it is, that a little Gan-powder has more Vir- 
tue and powerful Effect, than any quantity of Saltpeter that might be 
ufed in Compofitions in different Proportions. 

In fhort, the Third is: For great Rockets from 100 tb down to 10 
Th, you muft jirft take fuch a quantity of clarified or purified Saltpeter as 
hall be equal to the Coal and Sulphur ; and then afterwards let it be ina 
fimple unequal Geometrical Proportion of Superparticular or Superpartient : 
but from 10 Tb down to 1 tb or 3 th, let it be firft in a Double Proportion, 
then Triple, and then Quadruple, and fo on, of the Aliquot Parts of an 
Integer. In fort, from one lb to the very leaft Rocket, let the Saltpeter be 
taken together with the Gun-powder in feveral Degrees of Superparticu- 
lar and Superpartient, as Sextuple, Septuple,Octuple, Noncuple and De- 
cuple; or Sixfold, Sevenfold, Eightfold, Ninefold and Tenfald. The Pro- 
portion of Coal to Sulphur, fhall be either Sefquialteral, or Double, or Tri- 
ple, and fometimes Equal. 


+ This is what we mean in the fecond Book by Flatulent Expanfion —— both thefe Exprefli- 
ons bear one and the fame Signification ; but this is moft intelligible here, and Flatulent Expan- 
fion is more proper in the other Place. 
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Obferve here however, that you muft increafe and diminifh the 
Quantity of Sa/tpeter with regard to the cwo other Ingredients, as the 
Coal is to the Sulphur, and recipracally as the Sulphur is to-the Coal, fo 
mutt they both be to the Saltperer ; as if (for Example) you begin by 


‘great Rockets, you augment the Quantity of Sa/tpeter by degrees, and 


diminith the two other Ingredients in fuch Proportion as not to deviate 
from tltis Arithmetical Progreffion. “Whenever you contrive new Com- 
pofitions, I advife you to try them before you make them public, and 
put them in Praétice privately, that you may avoid Miftakes, and cor- 
rect fuch Errors as yow might have fallen into. 

As for Compofitions that you receive from others, you may examine 
them, if you underftand never fo little of Geometrical Proportions, and 
the Ufe of them ; or if you will make the Experiments according to the 
Rules here laid down. 

Accept then favorably of thefe following Compofitions, which I give 
you for your Amufement at your leifure Hours. { here deliver them to 
you with all the Fideliry I am capable of, from thofe of 100 tb down 
to the leaft Rocket that can be made. But by the way, I have not con- 
fined myfelf to any particular Arithmetical Progreffion with regard to 
the Proportion of Coa to Sulphur, as 1 propofed above; and indeed it is 
not abfolutely neceflary: But I only give you the Compoftions in the 
Proportion and Order, I found them in my feveral Experiments of 
this'kind. However, if you take upon you the trouble of proving and 
reducing them to an Arithmetical Calculation, you will find that I have 
ftriGly obferved our Firft general Ru/e in all my Compofitions, 


Compofitions for all Sorts of Rockets, 
From 100 to 80 and 60 ib. 


Of Saltpeter.30 tb, of Coal 20, and of Sulphur 10 Th, 


In this Compofition you have the Saltpeter equal to the two other [n- 
gredients, but the Coal is double of the Sulphur. You may freely ufe 
this Compofition for all Rockets that can be made from 100 to 60 ib; for 
it is beft to let their Composition be weaker than what they perhaps can 
bear : It being by much the fafeft with regard to Powder to err.on the 
weak fide, that is, by allowing rather too little than too much Strength ; 
for the Weaknefs of a Compofitzon, or of Powder either, may be eafily re- 
medied by adding a Portion of violent Matter: But in order to be af- 
fured how your Compofition will prove, you may make Tryal of one 
Rocket before you drive any of the reft; from whehce you may conclude 
concerning what you may expect from the others. 


, From 50 to 40 and 30 Ib, 
Of Salipeter 30 1b, of Coal ri tb, and of Subpbur 7 th. 
4 
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From 20 to 18 tb. 
Of Salpeter 42 Tb, of Coal 26 Tb, and of Sulphur 12 Tb. 


From 15 Ib to 12 ib. 
Of Saltpeter 32 Tb, of Coal 16 tb, and of Sulphur 8 th. 


From to 1b to g ib. 
Of Saltpeter 62 Ib, of Coal 20 1b, and of Suphur 9 tb, 


From g Ib to 8 ib and 6 ib. 
Of Saltpeter 35 Tb, of Coal 10 tb, and of Sulphur ¢ ib. 


From 5 ib to 4 tb. 
Of Saltpeter 64. Ib, of Coal 16 tb, and of Sulphur 8 tb. 


From 3 1b to 2 if. 
Of Saltpeter 60 Ib, of Coal 15 tb, and of Sulphur 2 Tb. 


Of one Ib. 
Of Gun-powder 18 tb, of Saltpeter 8 tb, of Coal 4 tb, and of 
Sulphur 2 tb. 
From 18 Loths, or g Ounces, to } ib, 
Of Powder 18 Ib, of Saltpeter 8 Ib, of Coal 4 Tb, of Sulphur 2 ib. 


From 12 Loths to 10 Loths. 
Of Powder 30 Loths, of Saltpeter 24 Loths, of Coal 8 Loths, and 
of Sulphur 3 Loths. 
From 6 Loths to 4. Loths. 
Of Powder 24 Loths, of Saltpeter 4. Loths, of Coal 3 Loths, and 
of Sulphur 1 Loth. 
From 2 Loths to one Loth. 
Of Powder 30 Loths, of Coal 4 Loths. 


From 3}, 4, ¢ to, $2 of a Zoth or half Ounce. 
Of Powder 9 or 10 Loths, and of Coal 1 or 1} Loths. 
The fmaller fort, called with us Serpents or Squibs, may be of Meal- 


Powder only, except the Priming, which ought to be of Corn-Powder. 
CHAP, 
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CHAP. V. 


Of the Boring of Rockets, and feveral Inftruments proper 
for that Work. 


AS for the Boring of Rockets, or the means of piercing their folid 
Compofition in a certain determinate Proportion as to Breadth and 
‘Height; whether it be done at the fame time that you drive them, or 
after they are driven; it is an Invention which I can give you no great 
Hiftorical Account of, nor inform you whether it be New or Old. How- 
ever, I cannot buc think that the ancient Pyroboliffs were well acquaint- 
ed with an Article of fuch Importance in the Conftruction of Rockets ; 
without which it would be impoffible for them to fly upwards; for it is 
owing to this Contrivance, that the Fire is able to accend the Compo/i- 
tion in fuch a manner as to have its Rays collected to a Center, and by 
their united Efforts, to force up the Rocker and all its Furniture as long 
as there is any Combuftible Matter left. But I am inclined to think, 
that thofe good Gentlemen referved it in Silence as a very great Secret of 
their rz: Or elfe we may believe, that they defignedly skipped over 
this Article, contenting themfelves with initiating us into feveral other 
Myfteries of this Sctence which they freely enough divulged. Now for 
my part, after having read over and over again all the Writings of the 
ancient Pyrobolifts, I never met with one Syllable of Inftruction relating 
to the Method of dering Rockets. In truth, Ido not much wonder at 
this; becaufe I know it is at this Day the Cuftom of Fire-Workers (and 
they religioufly obferve it) not to reveal any Secrets concerning Fire- 
works without much Importunity ; and whenever they do communi- 
cate any of them, it is to fuch Perfons only, who make this Scéence 
their particular Profeffion ; or perhaps to fuch as promife them great 
‘Things : Or they may happen in their Drink to declare all they know, 
together with what they know nothing of; and fo let thefe Arcana fall 
from them amongft the reft of their drunken Difcourfe ; which in their 
fober Intervals would have been retained within their own Breaits. Bur 
be this as it will, certain it is, that the Profeffors of this 4r¢ force a fo- 
lemn Oath from their Difciples, after they have gone through a proper 
Courfe, and that they are upon the poinc of difmiffing them; in which 
Oath they fwear never to reveal what has been communicated to them 
to any Perfon whatever, and oblige themfelves not to make a public 
Profeffion of it, nor to teach it privately to others till after a Period of 
three Years. In this they imitate the Cabali/ts, who never initiate any 
into their Myfteries, but fuch as are filled with a Divine Spirit, and (as 
they 
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they fay) fuch as were predeftinated from their Mother’s Womb to re- 


_ ceive the Sacred Gift of Prophecy, or rather of Pfeudé-Prophecy: Myfte- 


ries which they hold in the utmoft Veneration, and perform with ex- 
traordinary Ceremonies, mutteting I know not what between their 
Teeth, with exprefs Prohibition (a Superftition punifhable with Death) 


~ never to reveal them to any living Soul. But as for mé, far from en- 


Fig. 46. 


Fig. 48. 


tertaining fuch narrow Sentiments, far from being actuated by fuch a 
Spirit, or expecting any Reward; I here give you Gratis, what I pur- 
chafed at fo dear a Rate: And breaking Silence to oblige my Friends, 
and ferve the Public; defpifing all the Reépfoaches and Azathema’s, 
which thofe worthy Gentlemén the Pyrobohifts may thunder out againft 
me; I here declare openly and plainly, That Rockets ought to be bored 
to the Height of 3 of the Compofition or Matter wherewith they are filled, 
minus @ Diameter of their hollow Cylinders. ‘The Breadth of the Ori- 
fice at the Choak fhall be ¢ of the Diameter of the Mould, and go ta- 
pering up towards a Point like a Cone, in fuch manner that the Upper 
Breadth of it fhall be of the Lower; for a Cavity of this Form will 
be the beft adapted for receiving the Fyre in fuch a manner as to oblige 
the Rocket to take its Flight. There are two Sorts of Infiruments ufed 
for making thefe Cavities (namely ) hollow Borers, and certain Needles 
or Piercers of Iron or Copper, made in fafhion of a Cone. In Fig. 46 
you may fee a Reprefentation of thefe, diftinguifhed by the Letters A B 
CDE. A, the firft, is for Rockets of 2 th: Its Height, BC, is? of the 
Height of the Rocket minus a Diameter of its hollow Cylinder, begin- 
hing to meafure it from that Point where the Compofition begins (viz.) 
at the Neck of Choak, to that Point where the Matter in the Rocket 
terminatés. For Example, in Fig. 48 the Height of the Rocket from 
P to I being divided into three equal Parts, two of them will reach toG, 
then from G, fubduéting N O a Diameter of the hollow Cylinder of 
the Rocket, and fetting it off downwards towards F, you will have the 
proper Height of the Cavity P F or E F (viz.) $ of the Height of the 
Rocket minus a Diameter of its hollow Cylinder : And its Breadth E P 
will be 3 of the Diameter M B. The Upper Breadth of the above- 
mentioned Borer in C is of the Lower Breadth DE. In Fig. B, 
which is the Second, you have a Piercer for Rockets of 12 Loths or 
6 Ounces. C is for thofe of 8 Loths or 4 Ounces, D for thofe of 6 Loths 
or 3 Ounces; and in fhort, E is for thofe of 2 Loths or 1 Ounce. Now 
the Proportions of thefe Laft are the fame with thofe of the Firft in 
Letter A. You have moreover in the firft Fig. A, Divifions exprefling 
the Prerecrs of {mall Rockets down to } 1b each diftinguithed by its proper 
Number. Know then, that I made thefe Divifions in a Cubical Ratio, 
by dividing the right Line B C (which is the Length for the Borer of a 
Rocket of 2 tb) into Parts Cubically propertionate to it; as into Sub- 
duple, which is one Ib: Into Subquadruple, which is $ 1b or 16 Loths, 
and fo on of the reft that are between any two of them, And tho’ we 

might 
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might in this manner have given the feveral {maller Borers deduced in 
proportion from one exceeding 2 Ib, I avoided it becaufe I would not 
have the Upper Breadths of {mall ones too much difproportioned to 
their Lower Breadths ; or elfe we muft be obliged to diminith the Up- 
per Breadth of a great Borer, fo as to ferve for Rockets of 1 or 2 Lotbs, 
but they would in that Cafe be apt to be too narrow. Therefore you 
will do better to have your Borers for fmall Rockets {eparate from the 
greater fort; by doing of which you will have them all nearly in one 
and the fame kind of Proportion. Your Borers fhould have a little 
fore of Handle, that you may the more conveniently guide them; a Re- 
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prefentation of which you have in Fig. F. The Letter D in Fig. 47 Fig. 47. 


fhews you another Handle which turns the Borer like that of a Wimble. 
In fhort, all the Sizes of them may be eafily fixed in a Turner’s Leathe 
for boring of Rockets expeditioufly and nicely. But if this Way does 
not pleafe you, you may ufe the little Machine which you fee in 
Fig. 47. which is very conveniently contrived fer this Work: You muft 
firft then have a piece of Timber in Form of a Parallelopiped, fawed 
through the Middle of its Breadth ; or elfe compofed of two Semi-Pa- 
rallelopipeds, each of which fhall have one Side hollowed Lengthways, 
fo as to fitand hold a Rocket between them, as appears in Aand B. This 
Parallelopiped fhall be fhut up in the Machine, or (as we may call it in 
Englifh) Square Frame, and prefled clofe together with four Wooden 
Screws, two on each Side, as F and E, to hold them faft, and prevent 
them. from flipping: Then taking the Borer C in the Handle D, you 
fhall fet the Head or End of it to your Breaft, and turning it round 
with your Hand, bore your Rockets at pleafure. There is another Way 
of doing this (namely) by driving your Rockefs upon Iron or Copper 
Piercers with hollow Drivers : We have given thefe the very fame Pro- 
portions as we have affigned to the Borers. This kind of Piercer ought 


to be fathioned as you fee in Fig. 23, where M L is its Length, and Fig. 23. 


GH its Breadth. 1 muft own, I have allotted another Proportion to 
Piercers both as to their Upper and Lower Breadths in Fig. 20, where 
the Breadth O P is ¢ of the Diameter C D, and the Upper Breadth ac 
Q_ 4 of the Lower Breadth OP. This I did, becaufe I have obferved 
that feveral Pyrodoli/s ufe this Proportion; which I can inno wife difap- 
prove of, having never feen the Effects of Rockets driven upon fuch fort 
of Piercers. To this I fhall add, that Borings are not always made of the 
fame Bignefs, whether as to Breadth or Height, and I will not affirm, 
that my Obfervations will hold good in all Cafes, particularly with re- 
gard to thofe, who make it a Practice to drive one Size of Rockets with 
feveral forts of Compofitions; for you muft-confider that the ftronger a 
Compofition is, the ftraiter and fhallower ought the Boring to be, and 
on the contrary, that the weaker and flower it is, the wider and deeper 
mutt it be pierced. The Reafon of this may be eafily gathered from 
what we faid in the foregoing Chapter ; for as a {trong Compofition in- 
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flames fooner than a weak one, the Rocket which is filled with too vio- 
lent a Mixture, and has its Orifice too wide, would let in the Fire too 
abundantly, and inftead of departing, would be confumed in an in- 
ftant ; inafmuch as the Fire having too much room in fo capacious a 
Cavity to aé in, would in a Moment poffefs itfelf of all the Matter, 
reduce it univerfally to a Flame, and would moft commonly burft the 
Cafe, or elfe after having mounted to a confiderable Height, it would 
at once difperfe and appear like a Flafh of Lightning. Small Rockets 
are in no danger of this, becaufe of the little quantity of Compofition 
they contain; but for Great ones, be particularly cautious to fill them 
with a Compofition proportioned to their Size, and to bore them in pro- 
portion to the Compofition they are filled with; or elfe be affured that 
your Labour and Expenfe will vanifh in Smoke. Here then (Friendly 
Reader) is what former Pyrobolifs have {o induftrioufly and fo long hid 
from us; which ungrateful and envious Contagion of Secrecy, has 
{pread down to the Profeffors of this rt in our Days, who are fo far 
tainted by it, as to imagine, they fhould greatly prejudice their Reputa- 
tions and private Interefts, if they communicated any thing they make 
a Secret of, to fuch deferving and curious Perfons as might have a Ge- 
nius for this Science. They either do not confider, or do not know 
what daily Experience teaches us; (namely) that a Thoufand ex- 
tinguifhed Lamps may be lighted at one, which will communicate & 
Flame to them all, without being any way impaired itfelf either by a 
Diminution of its Oil, or the Lofs of one fingle Atom of its Fire. As 
for me,I make no {cruple of publifhing an ingenuous Declaration of what 
ought not to. be concealed. I indeed forefee, that thofe Triflers (they 
deferve this Appellation both on the {core of their Ignorance and Mean- 
{piritednefs) thofe ungenerous Souls will hate me with more than a 
‘+ Vatinian Hatred. But that gives me no manner of Difturbance ; for 
I know that. People of any fhare of good Senfe will laugh at their 
Snarls, or take no Notice of them, particularly if they recolle& that 
common and true Saying, Principibus placuif[e viris vel maxime fat eft. 
Thofe vulgar Wretches are but little Dogs, that bark at us, without 
being able to bite; and if our Labours prove acceptable to our Princes, 
no matter for any thing elfe.. 

But Jet.us have done with this Topic, and proceed farther on in the 
Conftruction of Rockets, and fet our Hands in good earneft to the Work, 


+ This Saying is derived. from Vatinivs, the Name of a Perfon who bore a remarkable Hatred 
to the famous Qratox Cicero, 
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CHAP. VI 
Of Sky-Rockets that mount up with their Sticks. 


SORT I. 
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"THE Rocket reprefented in Fig. 48, which we have already fup- Fig. 48. 


pofed to be of 3 I, has its Height A B 7 Diameters, in like man- 

ner as is its Mould: But from this Height we muft firft retrench § a Dia- 
meter for the Neck L M, as the Line BD fhews upon A B. More- 
over for the Binding and the Folds of the Choak to E } Diameter muft 
be cut off or allowed; and in fhort, for the Binding of the Head, you 
again take from this Height } a Diameter, as may be feen in K I and 
A C;; therefore the Height of the Compofition and Report will be 5 % 
Diameters, as you fee in E I or C R. Now divide this Height into 
three equal Parts in the Points S and G and fill it, with a Compofition 
furable to its Size (as we have already cautioned you) from E to G, that 
is, to } of the Height EI. This done, cover it with a little Cap of 
Paper or Pafteboard G; or what will be much better for great Rockets, 
a round hollowed Wooden Cap, fuch as you fee reprefented in Fig. 43, 
which fhall be firmly glued to the Sides of the Rocket. If your Ca/e be 
made of Paper or Pafteboard, you fhall with a ftrong Cord choak or 
force it into the Hollow in the Curve Surface of this Wooden Cap, 
which Cord may remain to confine it in, as you fee inQ. But if the 
Rocket-Cafe be made of Wood, this Cap need not have its Convex Sur- 
face hollowed, but let ic be uniform and plane; allowing its Thicknefs 
to be } of the Diameter of the Rocket. You fhall faften it to the Infide 
of the Café with little Nails or Wooden Pegs, which fhall be driven in- 
to it from the Ourfide, and then well fecured with Glue. You muift be 
particularly careful in doing this; for I have often feen the Ca/és of 
great Rockets remain empty upon the Nails without rifing at all, and 
the Compofition for want of being powerfully confined at Top, flip up 
through the Cafe, and confume in the Air without performing the Ef- 
fect expected. However, {mall Rockets which are choaked at Top are 
not liable to this Accident. ‘There muft be an Hole made through this 
Cap of } of the Diameter of the Rocket, feveral of which may be made, 
if upon this Cap you would put Running Rockets, or (as they are ufual- 
ly called in Engli/h) Squibs, and other little Decorations, which are 
ufed in artificial Frreworks, which we fhall {peak of hereafter, Over 
this Cap you fhall fill the Remainder of the Ca/e with good Corn Pow- 
der, which fhall be prefied down fo gently, as no way to have its Corns 
defaced or broken, that they may be able to retain their Vigour. In 
fhort, 
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fhort, it fhall be bound up clofe at Top, and then bored from E to F, 
to the Height of 3 of the Length of the Rocket, minus a Diameter of 
its hollow Cylinder (viz.) N O; which being fet off downwards from 
G towards E, gives E F, which is the Height it ought to be bored. 


SORT IL 


Take a Rocket-Ca/e whofe hollow Cylinder is equal in Diameter to 2 
Leaden Bullet of 10 Loths or 5 Ounces; let its Height be 4 and 4 Dia- 
meter, and filled with a futable Compofition to 3 Diameters, and then 
bored to the Depth of two of the fame: Cover the Compofition with 
a Wooden or Pafteboard Cap, having an Hole through it of 4: of the 
abovementioned Diameter, then let the Top be clofed up firmly with a 
ftrong Packthread. The Fafhion of this Rocket may be feen in Fig. 49, 
where it is diftinguifhed by the Letter A. This done, take another 
Cafe, the Diameter of whofe Orifice is equal to that of a Leaden Bullet 
of 24 Loths or 12 Ounces, and let it be 5 Diameters of its Mould; this 
fhall be filled with a proper Compofition, to the Height of 1 } Diame- 
ter of its Orifice, and artfully bored to 1 4 of the fame Diameter, fo 
that there may remain ? of a Diameter of folid Head. Cover this with 
a Cap as before, and upon that, Corn Powder to the Height of 4 of a 
Diameter. In fhort, over all this you fhall put the Rocket you had be- 
fore prepared, which fhall be firmly pafted to the Infide of this. You 
will fee the Conftruction of this laft Rocket with the firft in it in the 
fame Figure, diftinguifhed by the Letter B. To conclude ; take the Ca/e 
of a Third Rocket of 2 Tt, whofe Height fhall be to its Diameter as 
we prefcribed in the Second Chapter of this Book, and fill it with a 
futable Compofition to the Height of 2 4, Diameters; you fhall cover 
this with a Wooden Cap, whofe Thicknefs and the Diameter of the 
Hole through the Middle of it fhall be } of the Diameter of the Mould; 
and over that, a Report of Corn Powder to the Height of one Diameter 
of the Rocket. This done, take the Rocket B, with the firft Rocket A 
in it, and putting it into the Hollow of this Third, glue or pafte them 
neatly together, and cover them all three with the Conic Head F, 
made either of Wood or Paper. You have the whole Order of this 
Rocket in the fame Figure, diftinguifhed by the Letter E. 

Obferve here Firft, that the Necks of the two firft Rockets do not ex- 
ceed } Diameter. Secondly; that you may take three Larger or three 
Smaller Rockets, and difpofe of them after this manner. But you muft 
take care, that your two Leffer oves be fhortened in fuch a manner, 
that the Third may not lofe any of its Height ; and in like manner on 
the contrary, that they be not fo high as never fo little to exceed the 
Third that contains them ; and let them be always fo proportioned, that 
the Firft exaétly fills up the Second, and the Second with the Firft in ic 
exactly fills up the Third. If ic happens that the Necks of your 

Rockets 
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Rockets do not nicely obferve the Proportion I have laid down, it will be 
no great matter, provided that their Diameters are as they ought to be: 
And in this Cafe, the Third Rocket muft be driven with a flower Com- 
pofition than ‘its Size requires. Thus the two Firft will by the Third 
be carried up into the Air, where they perform their Parts; flying 
from one fide to the other in Oblique Directions ; for they cannot 
afcend perpendicularly, for want of Sticks or a Counterpoife; but we 
fhall touch upon that at the End of this Chapter. 


SORT HI 


Take a great Rocket (viz.) of 2, 6, 8, or if you will of 10 or 20 th; 
and fill it with a Compofition futable to its Size, and bore it as ufual; 
according to the Method dire¢ted in the firft Sort of Rockets; and after 
having covered it with a Cap, with feveral Holes pierced through it as 
you may fee in A, you shall falt it over with Meal Powder, mixed 
with an equal Portion of that in Corns, Then fill up the remaining 
Cavity of the Rocket with fmall Running Rockets, or (as we call them in 
Englifo) Squibs, and leave a Space in the Middle of them, for a 


I 


) 


7 


Wooden Cafe or Tube, which you fee reprefented in Figure o4, and Fig. 54. 


which you thall prepare after the following manner. Take a hollowed 
Cylinder or Tube of Wood, equal in Height to the Space left of the 
Rocket ; or it may be continued up to the inner Vertex of the Cone that 
crowns your Rocket. Let the Thicknefs of the Wood a b, be ¢ of the 
Diameter a c; and let the Bottom f g be } of the fame Diameter, to 
which may be faftened a Leaden Bullet by way of Counterpoife. This 
Tube or Cafe fhall be filled thus: Firft, pour in Corn Powder to the 
Height of + a Diameter, and upon that a Light Ball, the Conftruction 
of which I fhall teach you in the Third Chapter of the next Book; 

over this Ball put flow Compofition; upon this, Corn Powder again in 
the fame Proportion as before, and upon that another Light Ball; then 
flow Compofition; and in this Order you muft proceed till your Cafe 
or Tube is filled up. We thall treat of flow Compofitions hereafter; and 
in our Book of the feveral Pyrotechnical Machines, we will enlarge 
upon what relates to this fame Cafe. _ The whole being difpofed 
after this manner, and the Tube filled as we have directed, well re-in- 
forced with good Iron Wire, or ftrong glued Packthread, for fear the 
Powder thould fplic it, it fhall be fixed in the Middle of the Sgusbs 
with its Mouth downwards upon the Meal and Corn Powder abovemen- 
tioned. The whole being thus compleated, fhall be clofed at Top with 
a Wooden or Paper Head, according as the Rocket-Ca/e is made of ei- 
ther the one or the other of them. You have a full and particular Re- 
prefentation of this in Pig. 50. 


S f SORT 


Fig. so. 
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SORT IV. 


This kind of Sty-Rocket differs but little from the foregoing, except 
that inftead of {mall Rockets or Squibs in the empty Space above the 
Compofition, you put either Sparks or Stars (which we fhall teach you 
to make in the Third Chapter of the following Book) interfperfed with 
Mealand Corn Powder: As for any thing elfe relating to it, you are to 
proceed in the fame manner we did with the Firft. See the Reprefen- 
tation of this in Fig. 51. 


SORT V. 


You fhall take a Rocket of any Size you will, and fill it with a proper 
Compofition to 2 % Diameters of its Orifice or hollow Cylinder ; and 
cover it with a Wooden Cap, whofe Thicknefs is ¢ of the fame Diame- 
ter; and over that, Corn Powder to the Height of ¢ of a Diameter; and 
upon that, Compofition to ¢ of a Diameter: This muft be covered 
with a Cap, and that again, with Corn Powder as before ; and upon that, 
Compofition as before, and fo on till the Rocket is quite filled. This 
done, it fhall be tied clofe and firm at Top, and bored to the Depth of 
2 a Diameters, 7g. 52 fhews you the whole Order of this. 


SORT VI. 


You fhall firft take a Rocket, and fill it according to the common 
Rule and Order, and bore it as we did the Rocket of the Firft Sort. This 
done, prepare certain Boxes or Cafes of dry light Wood, the fame as 
you fee reprefented in Fig. B, under Fig. 53, or elfe firm Paper Cafes 
like thofe of Rockets, choaked clofe at Bottom. Then with hot Glue 
ftick as many as you. pleafe of them, to the exterior Surface of the 
Rocket as you fee in C, minding to place them in a Spiral Direction, and 
tye them faft with good Packthread as you fee in the Letter D. Into 
each of thefe Boxes put a Running Rocket, filled with Meal Powder, and 
opened. at the Choak, through which and: the Boxes, the Fire may be 
conveyed-from the great Rocket. The great Rocket might ferve for a Petard 
ot Cracker. filled with Gorn. Powder, but inftead of that, you may ufe 
Tron Crackers, whofe upper Part fhall be filled with fine Powder, and 
the lower Part with. Rocket Compofition. The Letter A fhews you one 
of the abovementioned Boxes, with the Running Rocket in it, to render 
she thing more.eafy to your Apprehenfion. 


SORT 
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Fill a Rocket with a reafonable Compofition, to the Height of 2 Dia- 
meters of its Orifice; and bore the faid Compofition to the Dépth of 
one Diameter, and to the Breadth of ¢ Diameter. Cover this Boring 
with a piece of Paper only, to prevent its being filled up whilft you 
drive the reft of the Rocket; this Order you are to obferve till your 
Rocket is quite filled; (namely) by always putting in 2 Diameters of 
Compofition and boring one. See Fug. 55. 


SORT VIII. 


You mutt here obferve the feveral Circumftances relating to the Firft, 
Fourth, and Sixth Sorts, as well in filling this Rocket, as in boring it. Sup- 
pofe then, that you have a Rocket prepared as it ought to be: You fhall 
ftick round the Outfide of it, as many Paper Crackers as you fhall think 
fit, (fuch as you fee diftinguifhed by A) and at fuch Diftances as you 
fhall think moft proper. Then prime both them and the Rocket with 
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Meal Powder. Fig. 56 plainly illuftrates this. Fig. 56. 


SORT IX. 


This Ninth Sort of Rocket fhall be prepared after the following Or- 
der: You fhall firft fill the Rocket with a futable Compofition to the 
Height of 2 4 Diameters ; which fhall be covered with a Wooden Cap, 
having an Hole through the Middle of it: And over the Cap you fhall 
put a Layer of Corn Powder to the Height of § of the Diameter of its 
Orifice ; upon which fhall be a Layer of Compofition to the Height of 
; of the fame Diameter. Then taking a ftrong Cord, choak the 
Rocket clofe above the Compofition, leaving only a {mall Hole of Com- 
munication in the Middle of it. This done, you fhall put in Compof- 
tion afrefh to the Height of %, and upon the faid Compofition Corn 
Powder to the Height of ¢. In fhort, upon this Powder you hall put 
Compofition to the fame Height as before, and. choak it again a fecond 
time. In this Order you fhall proceed till the Rocket is filledup. This 
will appear obvious to you in Fig. 57. 


SORT X. 


This Rocket has nothing particular in it, to make it very different 
from the reft ; for, firft, it is filled and bored after the fame manner 
with thofe of the Firft, Fourth, and Sixth Sorts. There is only an 
Addition to it of a Report, and upon that, a longifh hollow piece of 
Wood in a Spherical Form, fill’d with an Aquatic Compofition, (by 

Aguati¢ 
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Aquatic, I mean fuch Compofitions as are contrived to burn upon or in 
the Water, which I fhall give you in the following Book) or any other 
ftrong Mixture. You mutt fire this Rocket at the Head before you fire 
it.at the Orifice of the Choak, becaufe the upper Compofition has no 
Communication with the lower Part of the Rocket. Being then moved. 
off, and having taken its Flight into the Air, you will {eg two Sorts of, 
Fire (namely ) that. of the Rocket darting its Rays downwards, and the 
other iffuing from the Head, and fpreading abroad in the Air like a 
great Fire Rain. This is clearly explained to you in dg. 58. 


SORT XI. 


Take 7 {mall Rockets of 2, 3, 4, or more Ounces, filled with a com- 
mon Compofition; and bored as ufual: Bind them up together in a 
round tight Bundle, and wrap them about with {trong Paper or Pafte- 
board, aud head them with a large Cone of the fame, as you fee in A. 
You mutt not forget to ftick them (I am juft going to inftruét you in the 
Rules relating to ¢hat) in fuch a manner, that the upper End of the 
Stick may come under the great Paper Cafe that encompaffes the 
Rockets. Fig. 59 will fully inftruat. you as to this. 

Obferve here that the feveral Sorts of Rockets I have been now treat- 
ing of, require to have Sticks faftened to them, to ferve them as a 
Counterpoife, and to affift them in their right Afcent. They are ufual- 
ly made of light dry Wood, fuch as Pine, Fir, and Lime-Tree. Their 
Length muft be to that of the Rocket in a Septuple, or at moft an OGu- 
ple Proportion ; that is, they are commonly 7 or 8 times as long as the 
Rocket. They ought to be of a tolerable Thicknefs at the End to 
which the Rocket is tied, and from thence down to the lower End go 
gradually tapering toa Point. The neceffity there is for them, is not fo 
much on the fcore of their Figure, as on account of their extreme 
Equality as to Weight; or the nice Aiguilibrium which muft be ob- 
ferved in fitting them to the feveral Weights of Rockets. Now you will 
find it no great difficulty to adjuft them exaétly, if you put the Szick at 
two Finger’s Breadth from the Neck of the Rocket upon the Edge of 2 
Knife, or upon your Finger, and if in that Situation both Ends are in 
Equilibrio, you are right; that is, the End to which the Rocket is fa- 
ftened and the other muft be exactly parallel to the Horizon, without 
inclining or wavering’ to one Side or the other. Bucif your Stick End 
happens to overbalance, you muft pare and diminith it till it comes to 
an Aiquilibrium with the Rocket End. You have a Rocket with its Stick 
plainly and curjoufly reprefented in Fig. 60. Brechtelius teaches usa 
Method (which is eafy enough) to find out the proper Length of thefe 
Sticks in Chap. IX. of the-Second Part of his Pyrotechnics, as follows : 
Add one to the Number of Fingers that confticute the Length of your 
Rocket, and multiply the Produ@ by the Length of the Rocket, and you 
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will have the due Length of its Steck: For Example ; if the Rocket is 
8 Fingers in Length, add 1 to them, and you will have 9; which Num- 
ber multiplied by 8, which is the Length or Height of the Rocket, will 
give 72. You fhall then tye a Stick of fo many Fingers in Length ‘to 
your Rocket. 


CHAP. VII. 
Of Sky-Rockets that mount up without Sticks. 


SORT I, 


AKE a fmall Rocket of 8, 10, 16, or 18 Loths, filled and bored as 
ufual, and fix four {mall Wengs to it after the manner of the Fea- 


16i 


thers of an Arrow: (Letter A in Fig. 61 will explain what I mean.) Fig. 6t. 


Thefe Wings muft be made of light Wood, fuch as Lime-tree, or elfe of 
Pafteboard, and mut be placed crofs-wife. ‘Their Length thall be } of 
the Length of the Rocket, and their Breadth at Bottom fhall be ¢ of the 
fame Length; their Thicknefs | may be left to your own Difcretion : 
Neverthelefs if you would have it in fome fort proportionable to their 
Length and Breadth, it fhall be of @ or ¢ of the Diameter of the 
Rocket. 


In Fig. 63 Ihave given you the Reprefentation of a little Contrivance Fig. 63. 


compofed of 4 Rods, a Bottom, and an Handle beneath, upon which 
you may fet this fort of Rockets when you fire them. It needs no far- 
ther Explanation, fince it may be. readily underftood by the Figure it- 
felf. In the Middle of the Bottom-Piece, in which the aforemen- 
tioned Rods are fixed, is a little Cavity or Chamber, that has Commu- 
nication with a little Channel ; the which as well as the Chamber itfelf 
muft be filled with Meal Powder, when you would fire your Rocket. 


SORT IL 


This.kind of Rocket differs but little from the former, except that its 
Wings are otherwife contrived; for upon this you have but three only, 
of the fame Thicknefs with the others, but pretty different from them 
in Height and: Breadth; for the Length of thefe is equal to the whole 
Length of the Rocker to which they belong, and are fixed upon it in 
fuch a manner, that the Lower Extremities of them defcend one Dia- 
meter below the Neck of the Rocket, and confequently their Upper Ex- 
tremities muft fall an equal Portion hort of the Head of it. Their 
Breadth fhall be a Semi-Diameter of the Orifice or hollow Cylinder of 
the Rockez, as you may fee by a, b. - may, if you pleafe, fire this 

t kind 


162 


Fig. 62. 


Fig. 64. 


Fig: 6g. 


Fig. 66. 
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kind of Reckets upon the Contrivance above deforibed, in order to make 
‘them fly up with the greater Conveniency. See Fig, 62. 


SORT iff. 


Having miade a Rocket of what Size you pleafe according to the ordi- 
nary Method, you fhall to the Neck of it faften a piece of Iron Wyre; 
with an Iron Bullet at the End of it, of the fame Calibre with the 
Rocket: This Wyre hall be turned in a Spiral like a Screw, and thall 
be as near as poffible of fuch a Length, that in cafe it happens to widen 
or ftretch a litde, the Bullet may notwithftanding be in Aquilthrio 
with the Rocket, in the fame manner as we juft now faid of Wooden 
Sticks, Fig. 64 will give you a perfect Idea of this. 


SORT W. 


After you have prepated a Rocket as you have been fully direéted, and 
that you have covered the Compofition in it with Corn Powder to the 
Height of one Diameter, fill up the remaining Vacancy with Rafpings 
or Filings of Lead; obferving that the Quantity of it be fuch, as to be 
twice the Weight of the Rocket-Ca/e it belongs to. Confule Fig. 65; 
which will fer you right. 


CHAP. VIIL 


| Of Watet-Rockets, or fach as Burn and Swim upon the 
Water. 


SORT I. 


You thall fill a Rocket of 2 or 3 Loths with a futable Compoftion, 

to the Height that we ufually fill common Rockets; and fixing a 
Cap upon the Compoftion with a Report of Corn Powder above it, it 
fhall be bored throughout the whole Height of the Compofition. This 
done, prepare a Paper Cylinder, with two fimiall Wooden or Pafteboard 
Heads or Bafes, having a Hole bored through the Center of each. The 
Height of this Cylinder thall be equal to but hatf of the Rocket, and 
the Hole through the Center of each Head fhall be made to fit the 
Rocket exa@ly, In fhert, being nicely fitted, and thruft through the 
Hole in the Center of each Head of the Cylinder, throw ## into a 
quantity of melted Wax or Pitch ; after which the Rocket may be fired, 
and thrown into the Water. See Fig. 66. 


SORTS 
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SORTS Ii, and Ti. 


Thefe Sorts differ very little from the foregomg, whether in Size, or 
the manner of filling and boring them, or any thing ¢lfe relating to 
their Conftruction. And the only difference between thefe two, is, that 
the Firft forz. Fig. 67) ought to be fhuc up wo the Neck.in a PaperFig. 67. 
Cone, whole Vertex, (as you fee in the Figure) or Baf, no matter 
which, is made faft to the Neck of the Rocket. The Second (viz.) 
Fig. 68 is put iato a Bladder fall of Wind; which muft not be dipped Fig. 68. 
in melted Wax or Pitch like other Water-Rockets, but only dawbed over 
with a Liniment, made of foar Parts of Lanfeed Oil, ¢wo Parts of Bole 
Armoniac, ove Part of Plume Allum, and half a Part of Athes. 


SORT IV, 


"The Racket which you fee reprefented in Mig. 69, mult be prepared Fig. 69. 
after the fame manner we ordered with regard to the Ninth Sort of 
Sky-Rockets in Chap. VI. of this Book, excepting that it muft not be 
bored, and that the Orifice of its Choak is very fmall, which it has in 
common with other Water-Rockets ; this is not defigned to move up- 
on the Surface of Water, but to burn in one particular Place; and for 
this Reafon there is a Weight tied to the Bottom of it at A. This alfo 
muft be plunged in melted Wax or Pitch, a8 well as all the following. 


SORT V. 

Fig. 40 teptelehts a Racket which is prepared after the fame manner Fig, 40: 
with the Third Sort of Sky-Rocket in Chap. VI, only with this difference, 
that its Compofition is {epatated by a folid Cap G from certain Sparks and 
Stars intermixed with Meal and Corn Powder. ‘To this alfo belongs a 
little Iron or Wooden Tube diftinguifhed by B: And from each End of 
‘this Tube, there goes another fmaller Tube (wz.) C D and F E; all 
three of which have a Communication with one another, and likewifé 
with the Contpofition, and the Stars, &c. aforefaid. The Fire, as foon 
as ever the Compofition is burn'd down to the Cap, is conveyed through 
the aforementioned Tubes to the Head of the Rocket, where accending 
the Meal and Corn Powder, the Stars, (and whatever elfe might have 
‘been in it,) are blown up into the Air, Its Counterpoife may alfo be 
feen in Letter A, 


SORT VI. 


In Fig. 71 you have a Rocket that is perfectly like the Sixth Sort of Fig. 71. 
Sky-Rockets which we defcribed in Chap. VI; for here the great Boxes 
or 
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Fig. 72. 


Fig. 73. 
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or Cafes diftinguifhed by E, and the Rockets contained in them by B; 
and the others of {maller Size, pointed out by D, and the leffer Rockets 
in them by C; ftick alfo to the great Rocket A; which communicates 
fire through the little Tubes H; into the Boxes on each Side of it; 
which enkindling the Powder under the Rockets contained in them, 
blows them up into the Air to perform their Parts. This kind of Rocket, 
together with the Boxes or Ca/es.on each Side of it, muft be wrapped 
about with ftrong Paper, as may be feen in G, and then thrown into 
melted Wax: Nor mutt you forget to add a Counterpoife under it, that 
it may burn upright, and float at nearly an equal Height above the Wa- 
fer, 


SORT VI. 


The Rocket which you have in Fig. 72, has nothing farther ia the 
Preparation of it, than what I direéted with regard to the Fourth Sort 
of Rockets in the foregoing Chapter ; and all the difference between them, 
is, that this is not to be bored, as I have already obferved ; befides its be- 
ing coated with Wax or Pitch; and burning in the Water. 


CHAP. IX. 


Of Rockets shat run upon Lines or Ropes. 


SORT I. 


YE two Iron Rings or a Wooden Tube to a Rocket filled with a 
certain quantity of Ounces of a futable Compofition, and bored 
as it ought to be: Then reave through the Rings, or Tube, the Line 
which you would have your Rockef torun upon. This is of the moft 
fimple kind; for being arrived at the Place, which the Duration of its 
combuftible Matter will allow it to reach, it there ftops. The follow- 
ing will be much more artificial. ‘You have a Reprefentation of this in 
Fig. 73. 


SORT I, 


Fill any particular Rocket, whofe Orifice may be equal to that of the 
foregoing (but much longer) to the Height of 4 Diameters, and bore it 
to the Depth of 3; Then upon this Compofition put a Cap or a little 
Wooden Partition which muft have no Hole through it, and may be 
glued to the Infide of the Rocket, or any other way well fecured, to 
prevent the Fire, when it is arrived at that Length, from catching hold 
of the Compofition contained in the other Part of the Cafe. This done, 


you 
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you mutt charge the Remainder of the Rocket to the fame Height as 
before ; namely to 4 Diameters; 3 2 of which muft be bored. You 
muft then choak the Rocket at Top, and make a little Receptacle for the 
Priming as at the other End; or elfe fit a round piece of Wood to it 
with an Hole through the Middle of it, as may be feen in A, which 
mutt be covered with a little Cap, as you will fee dittinguifhed by the 
fame Letter. To this you muft add on one Side a Tube made of a ve- 
ry thin Iron Plate; which muft be filled with Meal Powder. Bore an 
Hole through the Side of the Rocket near the Partition in the Middle, 
and fill it with Meal Powder ; which is done, the more readily to con- 
vey the Fire through the Tube, to the other Receptacle where it lights 
the Rocket at the other End, and confequently obliges it to return back 
to the Place from whence it came. The upper Part which holds the 
Priming muft be covered with Paper, as well as the {mall Tube that con- 
veys the Fire from one End of the Rocket to the other. This fhall alfo 
have a Wooden Tube, or two little Iron Rings to run upon along the 
Line. You will have the more Diverfion if you tye fmall Paper Crackers 
all round it. The Contrivance of this Rocket is very pretty. Yiou have 
a Reprefentation of it in Fig. 74. 


SORTS IH ard IV: 


Take two Rockets of equal’ Length; conftructed according to the Me- 
thod we have already laid down, and let them be bound together with 
ftrong Packthread, and let the Head of the one be even with the Choak 
of the other, and fo on alternately, to the end that the Firft of them 
being burned out to the very End, it may catch hold of the other, and 
oblige them both to return back again. The extremity by which you 
intend the firft fhall fire the other, (that is the Neck of the one and the 
Head of the other) fhall be capped with Paper, or any thing elfe, as you 
fee in Fig. A, minding to fill the Vaeancy of the Cap with flow Compo- 

fition. In fhort, vou muft add a Tube to. them, to run upon. See 
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Fig. 74. 


them reprefented by Fig. 75 and 76, by which you will obferve a diffe- Fi ig we 


rence between them; the latter having a piece of Wood hollowed on 
each Sidé to receive them both, and keep them at a little diftance 
from one another, in Confideration that if by chance the Firft fhould 
burft, the other may receive no darnage from ft. 

‘Obferve here that thefe Rockéts commonly ferve to fire feveral Py- 
robolical Machines which are ufed upon Rejoicing Occafions. Some- 
times alfo they are difguifed under the Form of divers Animals, whe- 
ther Fictitious or Real, {uch as, Flying Dragons, Doves, and other things 
which you would contrive to vault and run up and down, which we 
fhall treat of in our Book of Pyroboltcal Machinery. 


In Fig. 77, 78 and 79, you have three Contrivances for hanging upe Fi i ui 


Sky-Rockets when they are to be fired. 
Uu CH AP, 
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CHAP. X. 


Of the feveral Defeéts of Rockets. How to avoid them: To- 
gether with what ought be obferved im the right Conftracti- 
on of them. 


“pH E Fir? and moft remarkable Vice in Rockets, is, when after be- 
ing fired, and mounted to the Height of 2 or 3 Perches, they break 
and difperfe without performing their proper Effects. 

The Second, which is not much better than the Firft, is when they 
remain fufpended upon the Nails, wafting flowly away without moving 
off or rifing at all. 

The Fisrd is, when in their Afcent they form an Arch, or defcribing 
a Semi-Circle, return down again to the Ground before all their Com- 


poftion is burn’d out. 


The Fourth is, when they mount in a Spiral Line, winding up in- 
to the Air, without obferving an uniform, regular and right Motion as 
they ought. 

The Fifth is, when they move up heavily and lazily, as if they re- 
fufed or {eorned. to take their Flight. 

The Sixth is, when the Cafes hang empty upon the Nails, and the 
Compofition rifes and difperfes.in the Air. 

There is ftill a greater Number of vexatious Accidents, which may 
fruftrate the Hopes, the Labour, and the Expence of the Pyroboli/?; and 
which would be too tedious for me here to enumerate. It will be fuffi- 
cient if you keep an Eye upon thefe, which are the moft to be féared: 


and provided againft ; and in order to avoid and retifte them, pleafe to 
obferve the following Rules. 


Infalhible Rules for the conftrutting of Rockets, without 
any Defeét. 


tr. Your Rockets fhall have. their Heights proportioned to their Ori- 
fices or hollow Cylinders, after the manner we have fo often re- 
eated. 
: 2. Whether your Ca/és be made of Paper, or Wood, they fhall be. 
neither too thick nar too thin, 
3. They fhall be made of Paper which is moderately dry, neatly 
rowled, and perfectly tight to the. Row/er, 


4. Their 
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4. Their Necks thall be well and firmly choaked ; {0 that neither the 
Knots of the Cord or Packthread, nor the Folds of the Choak, may di- 
late or give way ; and therefore they fhall be reinforced with Glue. 

5. All the Ingredients that enter into the Compofition, being exactly 
weighed in Proportion to the Orifice or Size of the Rocket you intend 
to make; fhall be firft mealed and paffed through a Searce feperately : 
Then weighing them again, they fhall be well incorporated together in 
one Mafs, and mealed a fecond time, and paffed through a fine Searce as 
before. . 

6. The Salpeter and Sulphur thall be purified and mealed as fine as 
poffible: The Coa? fhall be perfectly well burn’d free from Moifture, 
and made of fome light foft Wood, fuch as Lime-Tree, Hazel, and 
Branches of Willow: And on the contrary be cautious not to make it of 
Birch, Oak, Maple and Service-Tree ; becaufe they are naturally im- 
pregnated with a great deal of grofs Earthy Matter. 

7- Your Compofition thall be prepared juft before you want it. 

8. It fhall be neither too moift nor too dry; but {prinkled over with a 
little of fome Oily Humour, or a little Brandy. 

g. When you drive your Rockets, be always mindful to put equal 
Quantities of Compofition into your Ca/es at a time. 

10. The Strokes of your Mallet {hall fall in a perpendicular DireStion 
upon the Driver. 

11. Your Rockets muft be driven with Mallets of proportionable. 
Weight to their Size; with an uniform Succeflion, and an equal Num- 
ber of Strokes every time you pour any Compo/fition into the Cafés. 

12. In Paper Cafes you fhall cover your Compofition with Wooden 
Caps, with an hollow Convex or Curve Surface ; but for Wooden Ca- 
Jes their Convexity fhall be plain, that they may be the more firmly fe- 
cured in the Rocke?. 

13. Your Rockets fhall be bored with a futable Borer, or Taper-bit, 
fo that their hollow Cones maybe neither too Wide, nor too Narrow, 
too Long, nor tooShort. 

14. The Cavity or hollow Cone fhall be as Upright and Perpendicular 
as poflible, and exactly in the Middle of the Cosspofttion ; fo as not in the: 
leaft to lean to the one Side or the other. 

1g. You fhall not bore your Rockets till juft before you ufe them, and 
when they are bored they fhall be tenderly handled, with the ends of’ 
your Fingers only, for fear of difordering their Form. 

_ ¥6, Their Sticks or Rods fhall be nicely proportioned to them, both: 
as to Length and Weight, according to the Rule and Method above gi- 
ven. They fhall neither be bent nor crooked, uneven nor knotty ; but 
as {trait and as {mooth as poffible ; and if need be, they may be planed. 
_ 17. Your Rackets being. filled and compleated, take care-hew you put: 
them into too dry or too damp a Place; for both: the one and the other. 
may {poil them; therefore.chufe {ome temperate Place. 

18. Whea 
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18. When you would fre them, they muft be fufpended upon Nails, 
perpendicular to the Horizon. 

19. You fhall not oblige them to move off with Burthens difpropor- 
tionate to their Strength ; and though you are fo exact as to load them 
with futable Weights, the whole muft be adjufted with regard to 
Form, fo as that it fhall with the moft Eafe cleave the Air, and rife with 
the leaft Oppofition; fo that their Burthens may in no refpect retard 
their Rifing, which is a Motion the moft unnatural and difficult to any 
Body. And this you are to obferve the more nicely, the larger your 
Rockets are; which muft retain in general (as much as poflible) a Pyra- 
midical or Conic Figure, as being the beft adapted of any Shape-what- 
foever to pierce the Air, and to meet with the leaft Refiftance from 
that Element. Tho’ I muft obferve that a Spherical Form is the moft 
convenient for a Body, which is to turn, rowl, and vault in the Air, 
becaufe of the Equality of its Surface. 

20. You fhall avoid as much as poffible all Rainy, Damp, Mifty, and 
Foggy Nights; as alfo thofe which are Tempeftuous or Squally. 

21. The different Effe€s produced by feveral Rockets, filled with one 
and the fame Compofition, muft not be attributed to any other Caufe, 
than their not having been treated with equal Diligence in every refpect ; 
whether in the Driving or Boring of them, and in many other Articles 
which ought to be ftridtly obferved. Or elfe to their having been laid 
up in Places of different Degrees of Dampnefs ; and having thereupon 
contracted different Degrees of Moifture, their Flight and Combuftion 
will be various. 

22. If you would have them make an Appearance in the Air like 
Fire Rain, or like a Cloud of Frery Sparks, or like long and broad Rays 
darting downwards: You muft mix your Compofitions with a little of Glafs 
coarfely powdered, of Filings of Iron, or Sawduft of ‘Wood. You may 
alfo contrive fo as to have the Fires iffuing from your Rockets of divers 
Colours. As for Example; if you mix a certain Quantity of Camphire 
in your Compofition, it will yield a White, Pale, or Milky-Colour Fire. 
If you mix a little Greek Pitch in it, it will produce a Reddith Copper- 
Colour Flame. If Su/plur, you will have a Blue Fire. If Sal Armo- 
niac, it will be Greenifh, If Crude Antimony, the Flame will be of a 
fad Yellow, or of an Honey or Box-Colour. If the Scrapings of Ivory, 
it will be of a bright Silver-Colour, inclining a little to the Livid or 
Lead-Colour. If the Rafpings of Yellow Améer, it will appear the 
fame, but inclining to the Citronifh. In fhort, if you mix your Compo- 


fition with common Pitch, your Rocket will caft forth an obfcure gloomy 


Fire, or rather a black thick Smoke which will darken all the Air. The 


* Sieur de la Porte (fometimes called Baptiffa Porta) tells us in his Natu- 


ral Magic, Book VI, and Chap. VII, that the Leadfone being buried 
under Burning Coals, commonly emits a Flame that is of a Blueith, 
Sulphurine, or Iron Colour. Whofoever doubts this, may make the 

Expe- 


BP Fourdeineer seulp: 
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Experiment by fcraping a little of it into Rocket Compoftion, and {ee 
whether it be as he fays or not: But however let him do it with 
Moderation and fparingly, for fear left a difproportionate Quantity 
of it fhould deceive him in fome degree or other. But I think, 
T have now faid enough concerning Rockets; and I fear, I begin to 
grow tirefome to the Reader, and that I hall ftrain his Sight too 


much, if I keep him any longer looking up to the Sky. And in- 


deed, I apprehend that I have left nothing unfaid that may be of Ufe to 
the diligent and expert Pyroboli, and that I have fully warned him, as 
to what he ought to embrace or fly; what he is to follow or avoid. But 
before I conclude this Book, I muft obferve that it is impoffible to meet 
with any Artift fo perfect, but that he may err fometimes in fome tri- 
vial Point, where fuch a multiplicity of Circumftances muft be kept in 
Mind; therefore we ought not to pafs any Judgment upon a Pyroboli/, 
nor infer any thing to his Advantage or Difadvantage, from his good or 
bad Succefs in the Conftrution of Rockeés. It would be endlefs to enu- 
merate how many different Accidents may happen in carrying on fuch 
ticklifh Works (though at firft Sight they appear no other than Childifh 
Amufements) or even to tell of what Confequence an almoft incompre- 
henfible number of Particulars may be, which Argus himfelf with all 
the Eyes beftowed on him by Fabulous Antiquity (in Allufion to his 
great Sagacity and Watchfulnefs) would not be able to keep continual 
Sight of; much lefs avoid falling into fome little Miftakes, and confe- 
quently would be far from providing againft them all in general. There- 
fore all that can be done in this Cafe, is to take the Advice of good 
Mafters, and to confult able Pyrotechnictans, who often lay their Hands 
to the Work; for I muft own and declare, that I make no Account of 
certain Perfons who having no Knowledge in the Practical Part, yet ar- 
rogantly take upon them right or wrong to cenfure the Performances of 
thofe who are incomparably more knowing than themfelves, with an 
envious Defign of wounding their Reputation, or blafting their He- 
nour, or to inftil a mean Opinion of them into thofe who are fome- 
times the moft interefted in the Lofs or Confervation of the Perfons 
fo decried. But what can we fay to thefe malicious Cenfors that 
may affront them lefs than that Old Saying: Ne Sutor ultra Crepidam, 
Let not the Shoemaker judge beyond bis Laff. Now the whole Excellence, 
or univerfal Knowledge of Pyrotechnics doth not confift in the Con- 
ftruction of Rockets, which is but the leaft Part of that great and noble 
Art; and accordingly we find that they are never employed but upon 
Tumultuous Rejoicings, on the {core of Victories obtained, Towns fur- 
rendered, or Sieges raifed ; or fometimes at the Celebration of Mar- 
riages, or at Solemn Feftivals to divert the Guefts; and in fhort, at 
public Bonfires exhibited to pleafe the People only. Therefore we muft 
not peremptorily conclude any Man to be well skilled in our Art that 
has a Knack at making Rockets ; for we find but too many who will 

Xx make 
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make a Rocket well enough; but if you would go any farther with 
them, they will ask Pardon, and defire to be excufed. In truth, ic 
wauld be an arrant Shame, that fuch Fellows fhould affume the fine Ti- 
tle of Pyrotechuicians; for with equal juftice might a Mountebank, a 
Country Barber, or a Farrier boaft of being a learned Doctor of Phyfc. 
This then is not the utmoft Point of Perfection in our Art, and we 
mutt believe that there is ftill fomething of a more exalted Nature, that 
properly and pofitively conftitutes the true Pyrobolz/, who may juftly 
bear the Authentic Denomination of Maffer. All our Inventions, and 
Fire Machines, together with that variety of Practice which will be ex- 
pofed to your View in the Sequel of this Work, will give you a juft Idea 
of the Perfect Pyrotechnician. I fay then, again and again, for feveral 
Reafons, that it is impoffible to deduce any Confequence to the Difad- 
vantage of the other Parts of this Great Art, from the regular or irre- 
gular Afcent of Shy-Reckets ; as was practifed by the Magicians of old, 
who drew Conjectures with regard to Human Events from the Flight 
of Birds; and confequently that we ought not rafhly (as I have already 
intimated) to condemn thofe, who happen ever to be unfuccefsful in the 
Conftruction of Rockets. What I have here faid is grounded upon fufh- 
cient Reafons, and is a real Faét; for knew in my Time a Mafter of 
the Ordxance to a great Prince (whofe Name I fhall forbear here, tho’ 
he has never {pared mine) who thought there could be none more able in 
the Pyrobolic Art, than thofe who were well skilled in making Rockets; 
and accordingly not contented with careffing them and receiving them 
with open Arms, and admitting them into the Service of his Prince, 
and placing them in the Rank of Pyrobolifts; he by all his Endeavours 
fixed them deeply in the Favour of his Mafter, and continually repre- 
fented to him, the Neceffity there was, for that incomparable Know- 
ledge they had in their 4zt, But he has fince then perhaps been 
convinced (if he would be convinced; tho’ at the Public Expence, 
and not at his own) that Rockets are in reality no other than Amufe- 
ments ; Inventions more properly caleulated for the Diverfion of People 
who would fpend their Lives in Debauchery and Diffolutenefs, than 
the true Thunder of War. And indeed he found by Experience that 
they were not even fufficient to fhake the Enemy, much lefs to put 
them into Diforder ; and that thofe whom he had, with fo much Care, 
taught to make Rockets, were not only incapable of managing any War- 
like Machine with Skill and Judgment, at a Time when they were to 
tear the Enemy to Pieces ; but alfo unworthy of the Title which he had 
too readily and Hberally beftowed on them. As for himfelf, the Story 
fays that not being able, or not daring ta be prefent on the Spot, he was 
at a Place 40 Miles from thence whilft the Tragedy was acting ; and was 
afterwards found in a fnyg Corner out of all Danger, and meditating 
this fine Saying in, his Heare: Beatus qui procul Negotis. Happy the 
Man who is out of Harms-way. ‘ 
ut 
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But God give him Grace to amend himfelf; fo that laying afide (if 
Shame does not prevent him) the Title and Office of Mafter, he may 
humble himéelf, and fubmit to the Ferula of good and expert Profeffors 
in our 4rt, and under them ferve a commendable Apprentifhip ;_re- 
ceiving their Counfel no longer as impertinent or troublefome Corretti- 
ons, but as ufeful Inftructions towards the regaining of his Reputation, 
and the re-eftablifhing his Honour. As for thofe worthy Gentlemen his 
Difciples, who once embraced his Inftructions with fuch Warmth, and 
looked upon whatever he faid as pure Oracles ; I beg of them to know 
themfelves at laft, and renouncing their falfe Doctrine, to think of pur- 
fuing more rational Schemes for the future, towards the Advancement 
of their Fortunes. But as it is impoffible to recall what is paft, and 
fince it is Sending for the Phyfician after the Man ts dead, to fay any 
thing more about this matter; I fhall only add that I believe this cele- 
brated Doctor would pretty well cure his own particular Infirmity, and 
apply a Remedy to the Damage he has done to fo many deferving Per- 
fons, if he for the future would continually keep. in his Heart and in 
his Mouth thefe Words of the Prince of Orators: Tibi femitam non fa- 
pis & alteri monfiras viam. Thou thyfelf art blind, and yet wouldeft guide 


others. 
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Of Fire Guioses or BAuts. 


ROSIE HE Word Globe is of a more extenfive Significa- 
i tion, and what we mean by it is much more va- 

rious as to Form in Pyrotechnics than in Geometry; 
for you muft not here think that Globes or Balls are 
perfectly Round Bodies, and contained under one Sur- 
face, according to Euclid’s Definition of the Globe 
and Spbere Book XI. Defin. XIV: but that we in ge- 
neral underftand by it, feveral Bodies of various Kinds of Figure, all di- 
ftiné& and different from one another. For firft, there are thofe which 
are perfectly Round, fome of which are Solid and others Hollow ; of the 
former are all Cannon and Mu/quet Balls, &c. and of the latter are Gre- 
nado’s and Bombs, &c. which are feveral ways filled according to the Rules 
of Pyroboly. There are again Balls made in the Fafhion of an Egg; others 
of a Spheroid ; fome in Form of a Citron or Pear, or a Cylinder, and in 
feveral other Shapes which the Workman may give them. Befides thefe 
of fimple Kinds of Figure, there are others compounded, that is, thar 
partake of feveral forts of Form together. And whazc is ftill farther ex- 
traordinary, I have in the Magazines of the Earl of Oldemburg, and in 
feveral other Places, feen very old Grenado’s that were fhaped perfectly 
like a Cube-or Parallelopiped. Now let their Qualities and Conditions 
be 
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be what they will, and whatever Form or Figure they may bear, I beg 
the Liberty of calling them by the general Denomination of Fire Globes 
or Balls; at the fame time obferving to give them Sirnames and Epi- 
thets futable to their particular Properties and Effects, to diftinguith them 
the better from one another. This is the Subject I propofe to entertain 
you with in this Book, which we will divide into Two Parts, In the 
Firft of which we fhall thew you, and as it were make you handle (with- 
out any danger of burning your Fingers) all the Sorts of Recreative Fire- 
Balls both Aquatic and Terreffrial, or fuch as run and leap upon Horizon- 
tal Planes; and thofe alfo which are projeCted from Mortars, which be- 
caufe they perform their Parts in the Air may be properly enough called 
Aerial. The Second Part of this Book thall treat of all thofe Balls 
which we call Serious or Military ; that is, of all thofe that are ufed 
upon Warlike Occafions, as well to repel and oppofe the Affaults of the 
Enemy, as to convey Fire and Dread into their Quarters, whenever it is 
needful. I hope it will not be taken amifs that I here give the firft 
Place to the Recreative Fire-Balls; for in fo doing I only imitate Na- 
ture, who firft forms the Fetus in the Womb, which from Infancy ad- 
vancing by degrees to Puerility, is thence gradually conduéted to Virili- 
ty, and at length compleated in perfeét Manhood. Thefe Recreative 
Works of our rt are but the firft Fruits, or rather the Seeds which pro- 
duce the many fine Fruits of this noble Sczence. They are as it were 
the Lower Rounds of a great Ladder to the Higheft of which none muft 
hope to arrive: Or to lay afide the Allegory, and {peak in direct Terms; 
none mutt expect to attain a thorough Knowledge of what concerns the 
terrible and wonderful Machines of War, but Thofe of a fertile Genius, 
a robuft Body, and of an Intrepidity not to be fhaken by the horrid 
Bellowing of Cannon, nor difmayed at the Tempeftuous Iron Hail pro- 
jected from thofe mercilefs Thunderers. But let us have done with this, 
and take in hand the Subje@t we propofed to treat of in this Book. 


Yy PART 
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PART L of sbis BOOK. 


CONCERNING 


KRECREATIVE GLOBES. 


CHAP. I. 
Of Aquatic Globes, or fach as Burn aud Swim upon the Water. 


SORT IL 


SON — an hollow Wooden Globe made of what Size you think 
~ fit, and let both its Convex and Concave Surface be perfectly 

eA Nass (2 Spherical: The Thicknefs of the Wood throughout fhall be : 
Fig. 80. SRS of the Diameter A B, as you fee in AC, or BD; and fhalt 
be furmounted.by a Cylinder, whofe Diameter E F thall be $ of the Dia- 
meter A B, and the Hollow of itGH hall not exceed + of a Diame- 
ter aforefaid. The oppofite part of this Globe fhall be opened, to re- 
ceive a Tompion I K, of the fame Diameter with the above Cylinder ; 
by which Opening, the Compoftion muft be put into the Godse when 
you would fill it; and through which you have the conveniency of put- 
ting a Petard or Report made of an Iron Plate in a Cylindrical Form, 
and which being filled with good Corn Powder, muft be laid athwart as 
you feeinM. The G/ode being thus prepared, fhall be filled with one 
of the Aquatic Compoftions, which we thall hereafter treat of, and then 
ftopped up with a Tompion that has been fteeped in hot Pitch. This 
done, you fhall run as much melted Lead over it as may be fufficient to 
make it of equal Weight, or fomething heavier than a Bulk of Water 
of the fame Magnitude with itfelf. I fhall tell you why this is done to- 
wards the End of this Chapter. In fhort, this Ball being adjufted after 
this manner, it fhall be thrown into melted Pitch. When you would 
divert yourfelf with it, light the Priming, and as foon as you find, that 
the Compofition is thoroughly inkindled throw it into the Water. Fig. 80 
reprefents this, 


SORT 
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SORT If. 


This Ball, which you fee reprefented in Fig. 81, differs from the a-Fig- 81. 
bovementioned no farther, than that the Form of it is not Spherical but 
Spheroidical; and the Se@tion parallel to the Axis of it is Oblong. The 
ThicknefS of the Wood throughout the whole, its Tompion beneath 

and its Vent-hole B, obferve the very fame Proportions as in the above- 
defcribed Globe. Beneath it you have a Leaden Grenade diftinguifhed 
by A, charged with Corn Powder, the Neck or Fuze of which goes into 
the Bottom of ihe Globe, as the Figure fhews you. In fhort, it muft be 
filled with one of the Aguatic Compofit itions \ hall hereafter give you; and 
then well coated with Pitch, before it is thrown into the Water. 


SORT II. 


You fhall get an hollow Wooden Cylinder, made by a Turner, of the Fig. 82. 
Height A D or BC, which fhall be 1 £ of the Breadth A B or DC; it 
fhall at Top be topped up with a Wooden Tompion with an Hole in 
the Middle of it, of a Conic Form to hold the Priming, the inferior 
Breadth of which E F, thall be $ of the Height of the G/oée, and the 
fuperior Breadth of it G H, i of the Inferior. You thall fill it with one 
of the Compofitrons I thall hereafter give you, and ftop it well up with a 
Tompion, after having wrapp’d it round with a piece of Cloth dipped in 
hot Pitch or Tar; beneath it you may fix a Grenade, or a Report, as you 
fee in M. The whole being thus ordered, you fhall near the Vent-hole 
fix an Eolipile, as you fee in L, which is to be contrived after the fol- 
lowing Method. Geta Founder to caft you a fmall hollow Globe, (or 
it may be of any other Form if you will) or elfe you may make it by 
foldering two Hemifpheres together ; from the Top of it fhall iffue two 
hollow tapering Pipes like Horns, but let their Cavities be as {mall 
as you can poflibly make them, efpecially towards the Extremities of 
them; in fhort, their Diameters may be equal to ; the Diameter of the 
Subftance of their refpeCtive Pipes. Being thus adjufted, cover it with 
Burning Coals, and let it there remain till it is red hot: Take it burning 
as it is, and put the {mall Pipes of it inftantly into Water, and let them 
be immerfed a little till the Ho/pz/e is quite cold; during which time it 
will have imbibed a certain Quantity of Water, more or lefs according 
to the Bignefs of it. ‘This Ball or Holipile being ordered as we have 
now directed, you fhall fecure it faft near the Vent-hole of the Water- 
Globe with {mall Nails or Pins running through a little Handle adjoin- 
ing to the Lower Part of it. This done, you fhall fix two {mall Leaden 
Flutes or Tubes on each fide of your Water-Globe, {uch as you fee in 1 
and K (in the fame Figure) fo contrived that their Upper Orifices may 
exactly - the Extremities of the Pipes of the Ao/ipile, Having done 

alt 
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Fig. 82. 


Fig. $3. 


Fig. 84. 
and 85. 
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all this fet fire to the Priming with the End of a Match, and when the 
Compofition is accended and got to a {trong Head, throw it into the Wa- 
ter; and in a little time the Fire iffuing from the Vent heating the £oi- 
pile to that degree as to make the Water in ic boil, it will difcharge its 
Steam through the {mall Pipes with great Violence, which rufhing into 
the Flutes above-mention’d, they will yield an odd kind of Harmony. 
Fig. 82 will give you an exact Idea of this. 


SORT Iv. 


In Fig. 83 you have the Reprefentation of a Water-Globe, which the 
Germans call Binfchwerm. ‘This needs no particular Defcription to il- 
luftrate it, for the Figure explains itfelf. The Height of this G/obe thall 
be proportioned to the "Running Rockets it is defigned to contain, tho’ it 
is generally made 1 3 as long as it is broad. The Wooden Tube diftin- 
guifhed by A, ought to be equal in Height to the Globe; and hall be 
filled with a Compofition of 3 Parts of Powder, 2 of Saltpeter, and one 
of Sulphur. You again, are to add underneath it a Paper Cracker, as you 
fee inC; Disa piece of Lead ferving for a Counterpoife ; in fhort, you 
muft add a round piece of Board to buoy it up upon the Water, a Profi/ 
of which is reprefented by B. 


SORTS V, and VI. 


In Fig. 84 and 85 I prefent you with the Conftruction of two Water- 
Globes, which have a near refemblance to one another as to Effet, but 
very little Affinity to each other asto Form. In the Fiz/? of thefe, the 
Middle of it A, is filled with an Aquatic Compofition, which muft be 
ftopped up with a Wooden Tompion as you fee in H; which muft be 
aang through and through in the Middle to receive the Priming. In 

B and C you have certain Hollows or little Receptacles for holding 
fmall and great Rockets. The Letters E and D point out the fmall 
Tubes of Communication, through which the Fire is conveyed te the 
Rockets. F is an Hole through which the Fire has Paflage to the 
Leaden Grenade, or a Cracker, one of which we ufually faften to the 
Bottom. So much for the Firft Figure, proceed we now to the Second. 
You are to fill che Middle of this, as well as that of the former, with 
an Aquatic Compofition, as you fee in A. This Glode inclofes two Orders 
or Sorts of Rockets (viz.) Greater as B, and Smaller asC. The two 
Tubes which convey the Five from the Body of the Globe to the two 
Rockets are denoted by H and N. D is a Report of Corn Powder, which 
is feparated from the Compofition by the Wooden Partition E, which has 
an Hole bored through the Middle of ir. Farthermore F is a Cap thar 
covers the Compofition, which is in like manner perforated in G, where 
you are to fet Fire to the Whole. ‘You may make Covers or Heads of 


patted 
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patted Paper, or of Canvafs dipped in Glue, and fometimes made of an 
Iron Plate, with which you cover the Tubes M and N, which hold 
the Running Rockets, in order to hide them. In fhort, O and P are 
two Cavities or Grooves which are to be filled with Meal Powder, to 
fire the Rockets which are placed over them. The Profi of this will 
fully inftruc&t you. 


SORT VIL 
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Get a Wooden Glode that is perfeGtly Round and Hollow within, and Fig. 86. 


pierce the Outfide of it with certain Cavities, of fufficient Capacity tore- - 


ceive a Running Rocket ; however take care that they be not made fo deep, 
but that there be the Thicknefs of a Finger of the Wood, between the 
inner Extremities of them and the Aguatic Compofition, contained in 
the Middle of the Globe A. That the aforefaid Compofition may have a 
Communication with the Rockets which are thruft into the Cavities above 
mentioned, you fhall bore the Wood between them with a fine Gimbler, 
or with a red hot Iron Pin, juft as you fee in B; which Hole thall be filled 
with Meal Powder. ‘This done, the Vertex of the Globe thall be fur- 
mounted by a Wooden Cylinder or Tompion, crowned with the He- 
mifphere C, made hollow to receive the Priming. In the oppofite Part 
or Bottom is a.Tompion D, which is likewife hollow to give Paflage to 
the Fire, that it may enkindle a Cracker which we commonly fix be- 
neath it. In fhort, E points out a Leaden Counterpoife which is de- 
figned to keep the whole upright in the Water. See Fig. 86. 


SORT VIE. 


The Form of the Globe in Fig. 87 is not Simple in its Conftruction Fig. 87. 


like the foregoing, but is pretty Complex ; for its Lower Part is an hol-' 
lowed Cylinder, which is furmounted by a Concave Hemifphere as G. 
The Cylindrical Part is filled with Paper Crackers as C, and the Hemif- 
pherical Part with an Aquatic Compofition as may be feen inA. This Compo- 
fition is feparated from the Crackers by a Wooden Partition D; through 
which paffes a Wooden Tube as B, whofe lower Extremity muft fall 
fhort of the Bottom of the Globe. This Tube mutt be filled with fuch a 
Compojfition as I prefcribed for the Fourth Sort of Globes. Beneath all, 
is a Paper Cracker as E, and a Leaden Counterpoife as F. H is the 
Vent-hole, where you muft prime your Globe in order to fire it. 


SORT IX, 


The Water-Globe you fee in Fig. 88 is a Spheroid, though you may Fig. 88. 


have it perfectly Round if you will. ‘The Body of this mutt be filled 
with one of the Compo/itions we thall hereafter give you. The Outfide 
ZZ or 
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Fig. 89. 


Fig. 90. 
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or Convex Surface of it is fluted or hollowed in feveral Places, for the 
mote conveniently fixing of Crackers to it. Thefe are diftinguifhed by 
the Letter A. On one Side of the Figure in Letter E, you have the 
Form’of thefe Crackers, which are to be laid in the above-mentioned 


Flutings, to each of which belongs a little Iron or Copper Fuze, which 


mutt be filled with Meal Powder, and {0 ordered as to fit the fmall Holes 
you fee in the Flutings, and which are diftinguifhed by B. Through 
thefe the Fire has a Communication from the Body of the Ba// to the 
Crackers. F points out the little Fuzes before-mentioned, and fhews 
How’ they are to’be fixed to the Crackers. C is the upper Orifice for 
the’ Prirning. In fhort, D is its hollow Tompion, through which the 
Fire is communicated to the Whole. 


SORT X. 


As for the Conftruction of the Globe Fig. 89, you will readily con- 
ceive it, the Figure explaining itfelf; therefore I fhall not trouble you 
with a particular Detail of it. I fhall only obferve that the little Cham- 
ber'A at Bottom ought to be ‘ of the Breadth of the whole Globe, and 
that its Height fhould be 1 $ of its Breadth. Secondly, that the Water- 
Bail B, fhall'be as we ordered in the Firft Sort, and on all Sides incom- 
paffed ‘with an dquatic Compofition as may be feen by H. That the 
Charhber’A fhall be covered by the Partition C, to the end that when 
the’ Powder’ in it fhall have the Fire conveyed to it, through the 
Pipes or Tubes E, F and G, it may with the more Eafe and Force blow 
up the Ba// in the Belly of the Firft; which taking fire at the Hole D, 
will burn upon the Water, and will foon after to the Aftonifhment of 
the Beholders blow up the other Bal/ that was in it. In fine, I muft 
caution you to fecure the piece of Wood that covers the Whole as well 
as poflible, for fear it fhould be blown up by the Compoftion of the 
greater Globe before it is all burned out. 


SORT XI. 


If you confider the Globe reprefented in Fig. go as to its Effect, you 
will find that'it has a perfeét Refemblance with that we have been juft 
now defcribing ; except that inftead of containing a Spherical Globe in 
its Cavity, it has Iron Petards or Crackers, as may be feen by the Letters 
B and F ; befides ‘that ‘it retains the Form of a Cylinder, and is flat both 
at Top and Bottom. Above the Crackers it is filled with an Aquatic 
Compofition, like that above defcribed, as may be feen by A. The Tube 
C which goes through the Body of it, and touches the Matter contained 
in the Chambér'D;’ ought to be filled with fuch a Compojition, as we di- 
rected for the Fourth Sort of thefe Globes, Near the Lower Extremity of 
this Tube you: thall bore an Hole as‘E; by which the Fire may have Paf- 

{age 
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fage to the Crackers when the Globe is blown up. In fhort, the Cham- 
ber D in the Part where it is broadett ought to be t of the Breadth of 
the whole Globe itfelf, its Height thall be 3, but underneath ic will 
be fufficient if it is ¢ of the aforementioned Breadth. G_ is a Paper 
Cracker which is made faft beneath all. H is a little Communication 
between the Chamber anid Cracker. = 


SORT XI. 
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As to the Conftruction of the following Globe (Fig. 91.) You firft muft Fig: 91. 


have an hollow Wooden Cylinder made, having in the Bottom of it a 
Chamber which may be filled with Powder : Its Orifice hall beat leaft 
one Foot in Diameter, and its Height 1 $ of its Orifice: Being thus, you 
fhall adjuft a round Board whofe’ Convexity may exactly fit the Concavi- 
ty of the Globe, and freely flip down into it: Beneath this Board thall 
be a Wooden Tompion to confine the Powder in the Chamber, and 
through this Tompion thall pafs an Iron Tube’ ‘filled with Meal Powder, 

or with that Compofition we mentioned for the Fourth Sort of thefe Balls. 

You will fee the Reprefentation ‘of all this in the Figure under the Let- 
ters A, B, C, D, E. In the Third Place you ‘thall prepare 6 Water- 
Bails or more, as you fhall think proper, of the fame Form as we de- 
{cribed in the Firft and Second Sorts, or any ‘of the foregoing, each of 
which fhall have an Iron Fuze-in its Orifice filled with good Meal Pow- 
der. Let all thefe Balls be of fuch'a Size, that: being difpofed i in a cir- 
cular Form, and joined clofe to one’another, the imaginary Circle they 
are contained in, may not exceed the inner Circumference of the great 
Globe, in which you would lodge them, that is, that they mutt as exact- 
ly fit each other as poffible. This done, and having charged the Cham- 
ber of the Globe with Corn Powder, you fhall let down the round Board 
with its Tompion before mentioned into the Globe, and upon that you 
fhall range in a perpendicular Situation the 6 Water-Balls all round the 
Iron Tube; which Water-Balls muft be furmounted by another round 
Board, with 6 Holes bored through it,’ which muft exadlly fit the Fu- 
zes in the Orifices or Vents of the faid Balls, and be at fuch diftances as 
nicely to correfpond with ‘the fame Fuzes; which running up through 


them {hall rife a little above the faid Board. The better to conceive 


this, caft your Eyes upon the Figure at the Letter G. This laft Board 
or Partition fhall be fpread over with a good Quantity of Mea/ and Corn 
Powder mixed together, and upon that fhall be placed as many Running 
Rockets as the Globe can hold. In the midft of thefe thall be fixed a 
large Rocket (which muft not be bored) into whofe Orifice the Iron Tube 
(before mentioned) beneath may enter; this Tube is the fame which 
you fee in H; and fhall be pierced through and through all round, up- 
on the Plane of the aforefaid Partition; to the end that the Fire having 
a Communication through them it may accend the Running Rockets, and 

at 
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at the fame time inflame the Water-Balls whofe Fuzes rife up through: 
the Partition; and from thence, after having penetrated down to the 
Chamber beneath, it may be fprung, and blow up the Whole into the 
Air, and make itfelf be heard. In this Figure the Letter F points out 
the 6 Water-Balls, K the Great Rocket in the midft of the Running ones;. 
L the Chamber for the Powder ; M is a Communication ‘to convey the 
Fire to the Paper Cracker N. In fhort, this Globe being adjufted after 
the manner we have now directed, it fhall be well cafed and envelopped 
with a proper Covering, and thrown into Tar to preferve it from the 
Waiter. 


SORT XII. 


The Water-Globe 1 am now going to defcribe, and which is repre- 
fented in Fig. 92, is by the Germans called Wafer Pumpe, by which 
they mean a Pump or Pipe, or any fuch Hydraulic Contrivance ; they 
again call ic Wafer Morfer, which fignifies an Aquatic Mortar-Piece, or 
a Mortar that will ferve upon the Water ; and is to be conftructed after 
this manner. Take feven Wooden Pipes or Tubes, and wrap them 
round together, with a Tarred, Pitched or Glued Cloth, and gird them 
firmly round with Cord or Mar-line. Their Height, Breadth and 
Thicknefs of their Wood, may be ordered as you fhall think proper; 
except that you muft allow the Middle one a fomewhat greater Height 
than the reft: ‘Thefe Tubes then (having the higheft in the Middle of 
them) fhall be bound up together in one Cylindrical Body, as may be 
feen inD. Beneath the inferior Extremities of them you hall fix, (by 
way of Bafe or Bottom) a round piece of Board as you fee in C, to which 
you fhall faften thefe Tubes with {mall Nails; and be not fparing of 
Glue to ftop up all the Cracks or Crevifes to prevent the Compo/ition 
from taking Air. This done, you fhall fill your Tubes according to the 
Order you may obferve in Fig. A. Firft you thall pour into each of them 
a little Corn Powder, to the Height of about half an Inch; and upon 
that, put a Water-Ball as you fee in G; upon that, flow Compojfition ; and 
then Corn Powder again; and then a Water-Globe filled with Running 
Rockets, as may be feen in H; and upon that again flow Compofition, then 
Corn Powder, and then a Light Ball as may be feenin I. Over this you 
fhall a third time put flow Compofition and Corn Powder as before, which 
fhall be covered with a Wooden Cap: Upon this Cap you fhall fet Running 
Rockets, but not fo clofely together, but there may be room between them 
for a Wooden Cafe filled with an Aguatic Compofition. In fhort, to con- 
clude, you fhall fill the Remainder of the Tubes with flow Compofition, and 
then ftop them well up. All your Tubes being filled after this manner, 
you fhall get a {quare or round piece of Wood, no matter which, with 
an Hole in the Middle of it, big enough to receive the Ends of all thefe 
Tubes thus bound together, which you (hall ftop near the Tops of them 
to buoy them up, and preferve the Powder or Compofitions from being 

Wet. 
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Wet. This Float-Board is diftinguifhed by the Letter L. The whole 
being prepared purfuant to the Dire¢tions here given fhall be dipped in- 
toa Quantity of Tar. Then thall the Rocket M be ftuck into the Ori- 
fice of the Middle Tube, or inftead of it, a fmall Wooden Tube filled 
with a ftrong Compofition, and that will burn upon the Water (as I have 
fo often mentioned) which is the fame with the Compofition I ordered for 
the Fourth Sort of Balls. As to any thing farther relating to this you 
may readily trace it out from the Scenographical Figure, which we have 
here drawn. 

Obferve here in the Firft Place, that it is neceflary that the Middle 
Tube fhould have a little more fow Com tion in it than thofe which 
encompass it. 

In the Second Place, take Notice chat if you would have all thefe Col- 
lateral Tubes take Fre at once, you muft pierce the Sides of the Great 
one with fmall Holes, each of which fhall correfpond with one of the 
Tubes, by which means the Fire may be conveyed to all of them at 
once, and confume them equally and in the fame time. But if you 
would not have fuch a quick Confumption of them, but on the contra- 
ry would have the Pleafure of feeing them burn one after another, you 
muft head them well up with ftrong Paper, and to each Tube fix a lic- 
tle Pipe of Communication, filled with Meal Powder or a flow Compofi- 
tion, through which the Fire may be conveyed from the Bottom of that 
which is confumed, to the Orifice of that next to it, and fo on fuccef- 
fively to fuch as have not been fired. 


COROLLARY I 
Of Odoriferous, or Perfumed Water ~Balls. 


© ET a Turner to make you fome hollow Balls of the Bignefs of a 

Walnut or Crab, which you fhall fill with one of the following 
Compofitions: Being all ready and filled, you fhall, after having lighted 
them, throw them into Water; (this I underftand to be done in fome 
Room or Apartment) but firft you fhall add a little guick Match to 
them made of our Pyrotechnic 'Tow, or Cotton Wyck, that the Compo/- 
tion may be lighted the more conveniently. Thefe Compoftions are as 
follow : 

Take of Saltpeter % iil, ‘of Storax Calamita 3 j, of Frankincenfe 3 } js of 
Maftic 3 j, of Amber 3 fs, of Civet 3 fs, of Sawduft of Suniper 3 ij, of 
Sawdutt of Cypre/s3 ij, and Oil of Spikenard % j}; make your Compojition 

of thefe according to Art and the Method laid down, 

Or elfe take of Saltpeter 3 ij, of Flower of Sulphur or Brimffone 3}, of 
Campbire 3 {s; of the Rafpings of Yellow Amber finely pulverized 3 &; 
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of Coal of Lime-Tree-Wood % j; of Flowers of Benjamin or Affa Odorata 
3 fs. Let them be finely pulverized, then mixed and incorporated to- 
gether. 


COROLLARY IL 


Of the Compofitions for Water-Globes or Balls, which dura 
as well upon the Water as in it. 


I. 
PIRST take of Sltpeter finely mealed 16 tb; of Sulphur 4 ib; of 
the Sawings of Wood that have been previoufly boiled in a Saltpe- 
trous Lye or Water, then dried, 4 1b; of good Corn Powder tb fs; of the 
Shavings of Ivory 3 iiij. 
II. 

Take of Saltpeter 6 1b; of Sulphur 3 tb; of Meal Powder 1 tb; of 

the Filings of Iron or of Hammer-—/law 2 tb; and of Greek Pitch tb &. 
Ii. 

Take of Saltpeter 24 1b; of Meal Powder 4 tbh; of Sulphur 12 tb; of 
Sawduft 8 Ib; of Amber Powder tb fs; of Gla/i coarfely powdered ib {5 
of Camphire tb fs. 

You muft obferve the very fame Rules in the Preparation of thefe 
Compofitions, as we taught with regard to thofe defigned for Rockets ; ex- 
cep: that the Ingredients need not be fo finely mealed, but they mutft be 
to the fullas well mixed and incorporated. You muft take care that your 
Compofition be not too dry when you would fill your Glodes ; and for this 
Reafon it fhall be moiftened with a little of the Oils of Linfeed, Olives, 
Naptia or Petrol, Hempfeed or of Nut, or any other Fat Subftance that 
is fufceptible of Fire. 

Befides the Aquatic Compofitions above-given, from my own Expe- 
perience, you may contrive others at pleafure, by obferving to take the 
Ingredients in different Proportions to one another. This indeed you 
will find eafy enough; but I would have you try them from time to 
time, before you exhibit them publickly. It will be of very great Im- 
portance to fuch as would have a perfect Knowledge of the Nature of 
Compofitions, to be extremely well acquainted with the particular Vir- 
tues, Properties and Effects of each Ingredient they are compofed of; 
for as Ariftotle faith in Lib. VII. Cap. X. of his Phyfics, Ex particulari- 
bus pracognitis univerfalis acquiritur Scientia: The Knowledge of parti- 
cular Things leads us to univerfal Science: Therefore 1 muft defire you 
to confider attentively what I am going to fay to you of all thefe Ingre- 
dients feparately. 

Gun- 
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Gun-powder is the Firft and Principal of them all, the moft violent 
when accended, and burning more outragioufly than any of the reft : 
Whence it is that it powerfully refifts all kind of Mozfure to prevent its 
Flame from being fuppretfed by it. 

Saltpeter well purified may be placed in the Second Rank. We have 
treated largely of this when we had occafion to {peak of its Nature and 
incredible Virtues in Gun-powder : But befides what we have faid of ir, 
we fhall add, that it has an unaccountable, particular Quality, of repel- 
ling and difperfing the Drops of Water which prefent themfelves near 
the Orifices of Water-Globes, &c. which mutt be owing to its Windy 
Expanfion. 

All Orls mixed with the Compofitions in moiftening them, when they 
are well united with the other Ingredients, keep up the Fire in fpite of 
the Water, and feem to fide with it to prevent its Extinction; and this 
becaufe of a Fat Humour, together with a very Aerial and Igneous Sub- 
ftance natural to them, which the Fire embraces with fuch Eagernefs 
that it is impoffible for them to difengage themfelves from that Element, 
when once caught hold on by it; and as all Oi/s are of a pretty denfe 
and tenacious Subftance, and their Parts not to be disjoined or difperfed 
eafily, it is a hard matter for Water to difpoflefs the Fire, when tho- 
roughly poffeffed of fuch Oz/s; and for the very fame Reafon it is that 
Water is incompatible with them, and cannot infinuate itfelf into them, 
and more particularly when there is a powerful Mafer within, who 
rages, and refolves not to quit his hold, till he has firft removed every 
thing belonging to him, and devoured all that can be converted into his 
own Form or Subftance. 

Sulphur has very great Virtues, which indeed for their Excellence 
ought to hold the Firft Rank; for from this Ingredient it is, that all the 
Compofitions we have mentioned derive a great part of their Strength, 
and would infallibly be imperfe€t without it: Inafmuch as it is the par- 
ticular Office of Su/phur, to conceive the Fire upon all Occafions, and 
having once conceived it to communicate it to the other Ingredients 
with which it is incorporated. In fhort, I believe there cannot be found 
any kind of Fat or Bituminous Subftance, that can be comparable to 
this, as well for retaining and preferving a Flame when once conceived, 
as for protecting and defending it againit all Enemies who by the Con- 
trariety of their Qualities endeavour to deftroy and fupprefs it ; and this 
proceeds from a certain Sympathy between z¢ and Fire, or from a naty- 
ral Parity of Subftance ; or from fome unaccountable occult Friendthip 
mutually fubfifting between them, and which renders them infeparable 
whenever they meet together. 

Amongft the rare Qualities of Camphire, that of retaining and pre- 
ferving an inextinguifhable F/ame is none of the leaft, and it may boaft of 
being the only Oily, Bituminous, or Fat Subftance to whom Nature hath 
granted fo extraordinary a Property, But be this as it will, we by Ex- 
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perience find, that without the help of any other Jugredzent it burns in 
the midft of the Dampeft Things, and maintains its Combuftion with 
fuch Obftinacy, that it feems as if it would give Laws to them, even in 
their own proper Element. If you doubt this, light a piece of it and 
put it upon Ice, or if you will in Snow (taking care not to bury it clofe 
up, but to leave an Opening for the Air) and you will fee that it will 
melt, both the one and the other, and fupport itfelf, notwithftanding 
their Frigidity, to its utter Confumption. Moreover, being pulverized, 
then lighted, and fcattered over the Surface of Water, it produces an 
agreeable Appearance ; for it feems as if the Water itfelf, upon which it 
floats becaufe of its Lightnefs, was all inflamed. However you muft un- 
derftand that it does not conceive the Fire {fo readily from any particular 
Heat that is natural to it; but becaufe it is of a very fubtile Fat Sub- 
ftance. From whence happens that ftrange and admirable Phenomenon, 
that if you throw fome Campbire into a Bafon which has Brandy in it, 
and let it boil to its univerfal Evaporation, in fome clofe Apartment, it 
will be rarified and converted into fo fine a Vapour and fuch fubtile Ef 
fuvia, that the Door being opened fome time afterwards, and you im- 
mediately enter into the Place with a lighted Torch, all the Air in the 
Room will inftantly take fire, and appear like a Flafh of Lightning, 
without doing the leaft Damage to the Building, or without in the leaft 
hurting any of the Spectators. This arifes from the extreme Subtility 
of it: For you muft think that Fire will not burn, except when its 
Parts are very clofely united: And this may be farther obferved in the 
Paper of this Country, which being in a Blaze you may freely pafs your 
Hand over it, without any danger of being burned. The fame is it 
with Brandy, which emits fo fine a Flame that an Handkerchief being 
dipped into it, it will be confumed from one End to the other of it, with- 
out hurting the leaft Thread of the Handkerchief. 

All Sorts of Pitch and Bitumen, amongft which we may reckon the 
Rafpings of Yellow Amber, (though it has naturally no great Affinity with 
them, as we fhewed formerly from Scaliger) produce a ftrong Smoke, 
which retaining a great deal of Fire, and much Aerial Spirit in it, muft 
confequently be very light, and tend upwards; and therefore break- 
ing violently through the moft clofely united Parts of the Water, it 
ferves asa Forerunner to the Fire, and clears the Way for it, to afpire 
in its natural Direétion: For being colleéted in little Whirlwinds un- 
der the Water, it briskly blows up the fuperincumbent Liquid which 
oppofes its Excurfion, and caufing at the fame time a great num- 
ber of large Bubbles upon the Surface of it, declares its Refolution of 
not fubmitting to an Element which is ordained by Nature to lye be- 
neath it. 

The Sawduft of Wood, Filings of Iron, and Powder of Glafs, being 
heated by the other Ingredients which are more combuftible than they, 
are blown up aloft by the Strength of the Powder and Saltpeter, where 
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appearing like a Cloud or Shower of Sparks they yield an agreeable Pro- 
fpect to the Eye, and immediately falling down again upon the Surface 
of the Water (hot as they are) you hear a Succeffion of {mall Noifes 
which are by no means difagreeable: Now you muft know that thete 
Things. are not ufed in Compofitions purely to pleafe the Eye or Ear; 
but they alfo greatly reinforce the Fire by keeping its Rays united; 
which is one Reafon why it is able to fubfift in any kind of Liquid. 
And indeed their real Office is to increafe the Fire; for from its great 
Redundance, and Denfity it is, that it contemns the Attacks of its 
Enemy; and this we may reafonably affirm if fo it be, that thole 
Powers which are the moft perfeétly united are always the ftrotig- 
eft. The Strength of thefe Ingredients is not a little added to, by their 
Confinement; becaufe the Limits prefcribed, being unequal to their 
violent Expanfion, they ruth with great Impetuoufnefs through the Vent 
or Orifice of the Ba//, or whatever elfe contains them ; and thus Scaliger 
tells us, That Reftraint adds to their Force. 

I have now done with what I propofed to fay: concerning Aquatic 
Compofitions; which may be of great Ufe to the Pyroboh/t, if he gives 
due Attention to it, and at the fame time ftudioufly confiders the feve- 
ral Particulars we have here handled. 

Give me leave to entertain you now with a Svory, relating to the dif- 
ferent Properties of Fire and Water, and the mutual Power they exercife 
over each other when they contend for the Soveraignty. 

This Sfory is pretty common, and is related by Philander from Suidas, 
in the Preface to Lid. VII. of Vitruvius. Ruffinus alfo mentions it in 
Ecclefiaft. Hiftor. Lib, WI. Cap. XXVI. nearly in thefe Terms: At the 
Lime when the Chaldeans facrificed to Fire as to a Divinity whom they 
revered above all other Celeftial and Elementary Powers; boafting that 
their God alone was able to fubdue all Things, and confequently (according 
to their way of arguing) it was but juft and equitable, that thofe Honours 
fhould be paid to him which had been ufually given to others: Adding that 
the Gods of other Nations, whether made of Brafs, Silver or Stone, or any 
other Materials whatfoever, were unable to withftand him, and that he de- 
voured all that came in his Way: It happened that the Prieft of the God Cano- 
pus heard of this; who being a Man of Wit and Cunning, he undertook to 
undeceive them, and to demonftrate that there was fiill a Power, to whom 
their God would be obliged to yield: And in order to this, he caufed a large 
Pitcher to be made full of Holes, which was well coated over with Wax, 
and painted of feveral Colours, and then filled with Water. This Pitcher 
being thus prepared, be fixed it upon the Shoulders of a great Statue 
(which be pretended to be the Statue of Menelaus) inftead of the Head 
which he had taken off. Ina little time after, the Ghaldeans coming to bé 
Witneffes of this decifive Contention between their Deity and the other, they 
let loofe the Fire at him, who frock ftill expected his Adverfary’s Affault. At 
Jif (the Story fays) the Fire animated by the Sight of fo mighty a Colots 
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fus, Jaid hold on him with fuch Violence and Obftinacy, that every one pre- 
Jent concluded he muft remain Mafter of the Field, efpecially when they bee 
held the Immobility and Ina€tivity of bis Antagonift. But Fate would 
have it otherwife, and foon made the Speétators of a different Opinion ; for 
in a little while after this great Body bad been thoroughly heated, and that 
the Fire had diffolued the Bonds which kept his Enemy imprifoned in the 
Scull of the Statue; be infenfibly found himfelf feixed with a cold Sweat, 
which trickling down from Head to Foot, foon fackened bis Heat, and de- 
prived him of all Hopes of the Victory he had promifed bimfelf. In foort, 
the Combat did not hang long in Sufpence ; for the Holes of the Pitcher being 
by this time all opened, the Water gufhed out furioufly upon him, and over- 
whelmed him on all fides ; fo that in expiring be was obliged to acknowledge 
that he was overcome, and that Water ought to be preferred to him. The 
Chaldeans equally afhamed and affiitted to fee their once-favorite God in 
this deplorable Condition, retired diffatisfied with the Combat, and from 
that Time forwards forfaking Fire, they fided with the Egyptians. This 
was the Event of the Canopian Prieft’s Stratagem. 


COROLLARY II. 
Of the Due and Proper Weight of each Water-Globe. 


I AM now going to perform the Promife I made you, in my Defcrip- 
tion of the Firft Sort of Water-Globes. It is then very evident from the 
Experiments that have been made, and even from the Demontftrations of 
Archimedes (in Lib. weet tov éspapévear, Sc. feu de Infidentibus Humido, Prop. 
3, 4. and 7.) where he {peaks of Bodies immerfed in Water, That Solids 
of equal fpecifie Gravity with Water, or any other Liquid, being immerfed 
into it, will remain fufpended in it, and will be fupported by it, neither 
fuking beneath nor rifing above the bigheft Surface of it. But Solids which 
are fpecifically lighter than a Liquid, will upon being immerfed in tt, afcend 
above the higheft Surface of it in a certain Proportion. In fbort, Solids 
which are Jpecifically heavier than a Liquid, will fink down to the Botton, 
and lofe as much of their Weight whilft in the Liquid as a Bulk of the Liquid 
equal to themfelves in Magnitude would weigh, ‘Therefore as all Glodes 
defigned for. this Ufe are made of Wood, and notwithftanding they are 
filled with an Aquatic Compojition, are lighter than Water, they nuit 
(according to Archimedes) rife in fome proportion above the higheft Sur- 
face of it;-and that in fuch degree, that the Part of the Glide which 
is immerfed, preffes upon the Surface beneath, with a Preffure equal to 
that ofa Bulk of Water as big as icfelf. Thus the immerfed Part of a 
H'ater-Glebe bears fuch Proportion to the Whole of it, as the Weight of 
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the entire Water-G/ode does to a Bulk of Water equal to itfelf in Mazin 
tude, and fo on by an inverfe Ratio, Thus a Bulk of Water equal in 
Magnitude to the immerfed Part of the. Globe is always equal in Weight 
to the Whole of it. As for Example; be there a Water-Globe whoie 
Weight is 3 Ib, and let 4 of it be immerfed in Water, and ¢ rife above 
the higheft Surface. I fay, that in this Cafe the Weight of the whole 
Water-Globe is exceeded by that of a Bulk of Water equal to ic in Mag- 
tude in the fame Proportion as the immerfed Parts of it are by the 
Whole, namely by £; and thus a Bulk of Water equal to the Water- 
Globe muft weigh 4 tb. And by inverting the Propofition, if the 
Weight of a Bulk of Water be well known; and if a Ba/l be immerfed 
in it to} of its Height, it will be evident that fuch a Bal! or Globe will 
be 3 lighter than fuch a Bulk of Water. That is, that a Body of Wa- 
ter containing 3 of the 4 Parts of the Bal/, will weigh as much as the 
whole Ball, Now if thefe 3 Parts of Water equal to the 3 Parts of 
the Water-Globe are called 3 Ib, we may fafely conclude that the whcle 
W ater-Globe weighs 3 1b likewife. But we commonly contrive them in 
fuch a manner as not only to {wim upon the Surface of the Water, but 
likewife to be juft even with the very Top of it, and fometimes to be 
quite immerfed in it; that they may, by means of the F%re iffuing from 
them, throw up the Water ; and that the more the former is refifted by 
the latter, the more it may be enabled to oppofe it, which is the great 
Point, and the only thing you are to endeavour at. 

If now your Water-Globes are {pecifically lighter than Water, they 
will not be totally immerfed in it, but will afcend above the higheft Sur- 
face in a certain Proportion; and as faft asthe J’re confumes the Compo- 
Adtions in them, they will become ftill lighter, and muft neceffarily rife 
higher and higher till all is wafted. For this Reafon it is neceflary that 
your Water-Glbe be of the fame fpecific Gravity with Water, to the 
end that the Vertex of it may be exactly level with the Surface of the 
Water : Or it may be a little heavier if you will, that it may be totally 
immerfed ; which will be beft for the Reafon above given (namely) be- 
caufe the fucceffive Confumption of the Compofition muft naturally take 
away from the Firft Weight of the Water-Globe. 

Now that you may know the {pecific Gravity of a Water-Globe with 
regard to Water, and confequently that Part or Portion of it, thae would 
afcend above the higheft Surface of the Water: And likewife that you 
may know, what Weight of Lead ought to be added to a Water-Globe, 
to make it Aiguiponderant with Water, or a little heavier: As alfo how 
to find the fpecific Gravity of Water with regard to your Water-Globe, 
without mea{uring or weighing either the Water or Glebe by any ordinary 
Mechanical Contrivance; and that you may be perfectly well verfed in 
whatever relates to this matter ; I (hall illuftrate the Whole in the plain- 
eft Manner, by a Calculation of the Firft Sort of Water-Globes we de- 
fcribed above, 
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We fhall then fuppofe the 4xis or Diameter of the faid Globe to be 
divided into 9 equal Parts, each of which we will take to be an Uncia 
of the Rhynland Foot ; from whence we may eafily come at its Solidity, 
and the Weight of a Wooden G/ode nrade in that Form. 

Let us range the Analogy as follows, (viz.) as 21 is to 11, fo is the 
Cube of the Diameter of a Globe of 9 Uncia (which is 729) to the So- 
lidity of the Globe in Cubic Uncie or Inches; according to the Demon- 
{trations of Chriffopher Clavius, Geomet. Prat. Lib. V. Fol. 253. From 
this Operation you will have about 381 Cubic Uncie, which would be 
the Contents of this Globe if it was Solid and Full; but as it is Hol- 
low and Empty, and the Diameter of its Cavity is 7 Uncia, we muft 
find out the Contents of that Cavity in the fame manner as if we fup- 
pofed it to be Solid. Say then as 21 is to 11, fo is the Cube of the Dia- 
meter of 7 Uncie to the Capacity of the above-mentioned Cavity. Now 
the Cube of this Diameter being 343, the Capacity will be found to be 
179 Cubic Uncia, or thereabouts. This Capacity of the Hollow of the 
Ball, which is 179 Uncie, being fubftraéted from 381 the whole Con- 
tents of the Globe (which we at firft fuppofed to be Solid) you wilt have 
a Remainder of 202 Cubic Uncia, which are the Contents of the whole 
Shell of this Globe, whofe Thicknefs throughout is one Uncia. To 
this muft be added the Solidity of the Hemifphere upon the Tompion 
which ftops up the Orifice of the G/ose; which you may find out after 
this Manner. 

Double the Plane of the Bafe of the Hemifphere, which fhall be 
3 Uncia and + fquare, or 42 Lines, and being doubled, you will have 
7 Uncia {quare or 84 Lines for the Convex Superficies. In fhort, mul- 
tiply this by ¢ of the Diameter of the Bafe of the Hemifphere, and your 
Product will be 336 Lines for its Solidity, which are ; of an Inch and 
48 Cubic Lines, which being added to the former Number will contti- 
tute a Body whofe Solidity in Cubic Inches will be 202 Uncie or Inches 
and + and 48 Lines, or if you would have the whole reduced to Cubical 
Lines you will have 34.9392 of them. 

You may again come at the Weight of this Body after this Manner. 
In the firft Place fuppofe it to be made of Iron. Now according to the 
Rule laid down in Book I. Chap. VI. an Iron Ball whofe Diameter is 
4. Uncig ought to weigh 8 Ib; therefore as the Cube of the Diameter of 
a Ball of 8 tb is to its Weight, fo is the.Cube of the Diameter of a Wa- 
ter-Globe to its own Weight if it was made of Iron. The Operation 
being over you will have 49 fb, or thereabouts, for the Weight of the 
Shell if made of Iron : But as it is made of Wood, you muft take the 
proportional Numbers of Iron and Wood from the Table Book I. Chap. 
TX, and fay as 42: 3 fo is the Weight of Iron laft found to the real 
Weight of the Wooden Shell or hollow Giese; from whence you will 
have 3 ib, 8 Ounces, or thereabouts. 
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Let the Compofition which fills the Cavity of the Gide be here fup- 
pofed to weigh 8 ib; ro Ounces, 2 Deniers and 7 Grains; and let the 
Weight of the Iron Petard or Cracker be called 4 Ounces, and let the 
Powder in it be one Ounce. Now add the Weight of the Wooden Sée//, 
to that of the Compofition and Cracker, and you will have in all 10 ff, 
11 Ounc. 7 Dr.2 Den. and 12 Gr. 

According to this fame Method, you may find out the Weight of a 
Bulk of Water equal in bignefs to your Water-Globe. We have {aid in 
Chap. XII. of Book I, from the Teftimony of the xcients, that a 
Veflel of a Roman Cubic Foot being filled with Water would weigh 
80 Ib Menfural, and but 66 Ib 8 Ounces Ponderal. Farthermore, we 
have from the Obfervations of Dogen agreed, that the ancient Roman 
Foot was equal to what we call the Rhynland Foot; and therefore a Cu- 
bic Rhynland Foot of Water ought to contain as much in our Days as it 
did formerly : But as I have experienced that a Cubic Body of Water 
each of whofe Sides is 6 Uncie or half of the Rhynland Foot (the Water 


-being taken out of the Rhine near Leyden in Holland) weighs about 


8 i5 2 Ounces Ponderal of ours, each Pound 16 Ounces: It mutt follow, 
that as a Cubic Body whofe Dimenfion is a Foot contains 8 of thé 
aforementioned, it muft weigh 65 ii of ours. And becaufe on the othet 
hand a Cubical Foot containing 1728 Cubic Inches weighs alfo 65 Ib; 
38: Cubic Uncie or Inches, which are contained in a Bulk of Water 
equal to the Water-Globe we are now treating of, muft weigh 14 fb, 
5 Ounc. 2 Dr. 1 Den. and 8 Gr. as may be eafily feen by any one who 
will give himfelf the trouble of proving it. 

Well; let us now compare thefé two Weights to one another (name- 
ly) that of the Water-Globe filled with a proper Compofition, which is 
ro Ib, 11 Ounce. 7 Dr. 2 Den. and 12 Gr. and that of a Bulk of Water 
equal in Magnitude to the aforefaid Water-Globe ; which we have found 
to be 14 Ib, 5 Ounc. 2 Dr. 1 Den. and 8 Grains; and by fubftra@ting the 
Leffer of thefe from the Greater, we fhall have a Remainder of 3 if, 
g Oun, 2 Dr. 1 Den, and 20 Gr. Now as this is exaétly the 4 Part of 
the aforefaid Bulk of Water; we muft conclude that the Water-Globe is 
3 lighter than the Water; and confequently, that the ¢ of the Water, 
of equal Magnitude with 3 of the Water-Giobe will be as Heavy as the 
Whole of it. 

Therefore if we would prepare a Water-Globe, fo as to have it 
totally immerfed in Water without finking to the Bottom; and that the 
Vertex of the Globe fhould be exactly upon a Level with the Surface of 
the Water ; we muft add a Counterpoife (as we have called it) whofe 
Weight is equal to the difference of the two Weights above-mentioned 
(wiz.) the 4 Part of the Weight of the Bulk of Water, which is 3 tb, 
g Ounc. 2 Dr. t Den. and 20 Grains; that is, you muft tie a piece of 
Lead to it of that Weight, or elfe make a Cavity round the lower Tom- 
pion, and pour as much melted Lead into it as will fupply that Dif- 
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ference. In fhort, it would not be amifs if you added a Weight fome- 
what fuperior to the above-mentioned Difference, for feveral Reafons 
which I have already given, and which it were needlefs to repeat 
here. 

Now in order to find out that Point upon the Axis of a Water- 
Globe, together with a certain Circle defcribed round it upon the Con- 
vexity of the faid G/obe, through which if an Horizontal Plane pafs, 
it would cut off a Fourth of the Water-Globe; or to thew how deep 
it would be immerfed in Water if it was a Fourth lighter chan Water ; 
I fay in order to find out this, you may proceed as follows. 

Since according to Luc. Valerius, who {peaking of the Center of 
Gravity of Solids faith, Lb. II. Prop. 33. Hemifpherit Centrum gravita- 
tis fit punctum illud, in.quo fi Axis dividitur ut pars que ad verticem fit ad 
reliquum ut 5 ad 3. That the Center of Gravity of an Hemifphere is in 
that Point of the Axis through which if it was bifedted, the upper Section 
of it would be to the lower as 5 is to 3. Therefore you may divide the 
Semi-Diameter of a Globe, or the Axis of an Hemifphere, into 8 equal 
Parts ; and as each of them is compofed of 6% Lines, ’ of the 4xis of 
the Hemifphere, or 33 % Lines, or 2 Inches, g Lines and } meafured 
upon the Axis from the Vertex of the Hemifphere towards the Bafe will 
give you its Center of Gravity; through which if a Plane be produced 
parallel to the Horizon, it will divide the Hemifphere into 2 Aquipon- 
derant Parts ; for it is properly called, Centrum gravitatis uniufcujufque 
corporis; or the Center of Gravity of any Body whatfoever, according to 
the Definition of Guid. Ubaldus, and other Mechanics. Punéfum intra 
extrave pofitum circa quod undique Partes equalium momentorum confiftunt ; 
ita ut fi per tale Centrum, ducatur planum figuram quomodocunque fecans, 
semper in partes equiponderantes ipfam dividat. This Point, whether it be 
placed within or without, is That round which all the Parts of a Body are 
at reft, and fituated in fuch a manner, that if a Plane be produced through 
that Center bifecting the Body tn any direction whatfoever, it will be al- 
ways divided into xquiponderant Parts. Therefore the upper Section of 
the Hemifphere is of the whole Water-Globe. And if from the Point 
laft found on the xis of any Hemifphere, you upon any Plane defcribe 
as from a Center a Circle whofe Radius is equal to the upper Section of 
the Axis; and take the Circumference of fuch a Circle with a piece of 
Thread, and tying the two Ends of it together, you apply it to the 
Convexity of the Géebe, it will fweep over that Portion of it as would 
be immerfed in Water, provided that fuch Globe be + lighter than a Bulk 
of Water equal to it in bignefs. 

To tell you now how to find out the A/iguot Parts of an Integer, 
with regard to other Bodies of Infinite Variety as to Figure, befides 
fuch as are regular or approach nearly to a Regularity, or to teach how 
to fepatate them from the reft of the Body; is neither my Intention, 
nor my- Bufinefs in this Place. The curious Pyroboli/, who would give 

himfe 
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himfelf the trouble of Iearning it, may have recourfe to Villalpandus, 
Tom. III. Par. I. or Kepler’s New Stereometry, and the Works of many 
other Geometricians and Mechanics, who have written largely upon that 
Subject. 

In thort, the fpecific Gravity of Water, and the Weight of Bodies 
immerfed in it, may vary infinitely ; and therefore we muft retract what 
we faid of Water in Book I. Chap. XII. The firft thing you are to feek 
after in all Cafes of this kind, is the Specific Gravity of the Water, 
without a Knowledge of which you may be liable toerr. All that I 
have here {aid to you is but by way of Example, and to mark out a Path 
which will infallibly conduét you into the High Road, which leads to fo 
many wonderful Operations. 

But before I lay down my Pen, I muft add to all this, a Method for 
‘++ weighing all forts of Bodies regular or irregular (for which it is chief- 
ly defigned) in Water ; which will be as agreeable to our Pyrotechnician 
as it will be ufeful and neceflary to him. I have taken it from Mer/en- 
nus, and prefent it to you in his own Words, as you may find them in 
his Phenom. Hydr. Prop. 46. 

What Archimedes means by Magnitude, is Body, tho’ it be empty 
Space that is merely a Vacuum, and containing no corporeal Subftance: 
Whatever bas Extenfion, may be ranked under that Denomination, even 
by thofe who believe Space, (or who think there is a Medium) deftitute 
of Refiftance. If now you fuppofe fuch a void Space to defcend in Water, 
the Water would rife as much as if a Solid Body of the fame Bulk had funk 
down into it: As for Example, a Veffel being filled with Air only, and 
preffed down into the Water, bas the fame Effect as if it had been filled 
with Water, or any other Liquid; fo that tf you fuppofe a Cubical Space 
which is perfectly deftitute of Weight, to be forcibly immerfed and kept un- 
der Water, it would have the fame Effedt with refpect to the Water as a 
Cube of Lead equal to it in Extenfion, allowing the Force requifite to keep 
it under is equal to the Gravity of the Lead. 

But let us now proceed to confider Solid Magnitude or fuch as is Hard. 
Let there be for Example a Body lighter than Water, whofe t Gravity 
may be eafily found by a previous Knowledge of the Gravity of the Water, 
or any other Liquid it may be immerfed into, as alfo the immerfed, or 
emerfed Parts of it. Let then the Part immerfed be to the Whole of it as 
1 to12, and the Gravity of the Water will be to that of the Body as 12 
to1: And if the immerfed Part of the Body is but Subquadruple or Sub- 
duple of the whole, a Body of Water of the fame Bulk with the whole Body 
would be 4 times or twice its Weight. 


+ He, by this, properly means a Method of finding out the Specific Gravity of any thing with 
refpe& to Water, and fo on inverfely, 
$ He here ali along means Specific Gravity. 
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You may by another way determine the Gravity of Bodies lighter than 
Water ; (namely) by fuperadding a Subftance that is heavier than Water, 
fuch as Lead whofe Weight is known, and which by its Gravity im- 
merges light Things; for it will be eafy to conclude, that a Bulk of Water 
equal to them both, will be exactly the Difference of the Weight of thofe Bo- 
diesin Air andin Water; by the Weight of which you may readily come at 
the Gravity of the Body lighter than Water, by this Method of reafoning ; 
(namely) That the Weight of a Body of Water equal in Bulk to the Lead 
being taken from the whole Mafs of the Water which ts equal to both the 
Lead and the other Subftance, there will remain a Weight of Water equal 
in Bulk to the lighteft Body. 

For Example; Let there be given a Wooden Stick or Cylinder whofe 
Weight in the Air 1s 12 Ounces, and be there fuperadded to it 11 Oun- 
ces of Lead, and throw them into Water. I fay, that as this Lead 
weighs but 10 Ounces in the Water, a Body of Water equal to it in 
Bulk would weigh one Ounce exatily. Now let us fuppofe the Weight of 
the one and the other immerfed Body to be 16 Ources whilft in the Water, 
the Aggregate of whofe Weight in the Air was 23 Ounces: The Difference 
between 16 and 23 being 7, tt will give you to underfiand that a Mafs of 
Water equal in Bulk to the Wooden Cylinder and Leaden Weight would 
weigh 7 Ounces; from which if you fubduct a Body of Water equal in 
Bulk to the Lead only, there will remain 6 Ounces for a Bulk of Water 
equal to the Wooden Stick or Cylinder. The fame thing will happen, if 
you immerge feveral Bodies together that are lighter than a Liquid, by means 
of a Superaddition of Lead, or any thing elfe that is heavier than fuch a 
Liquid. 

But care muft be taken that the Body immerged doth not contraét, or im- 
bike any of the Liquid in its Pores, by which means it would be heavier than 
it was when weighed in Air: Tho’ this Accident may be eafily prevented by 
coating the Body well over with Wax, Pitch, or any thing of that Nature; 
for by fubfiratting a quantity of Water equal to the Wax, &c. the Re- 
mainder will infallibly give you the Gravity of the Porous Body. But you 
muft firft weigh the Quantity of Wax or Pitch ufed in coating the Porous 
Body, whether it be of Wood, Stone, &c. and farthermore know the Specific 
Gravity of the Wax or Pitch with regard to Water. 

As for Example; fuppofe the Wax ufed in coating the Body weighs 22 
Ounces in the Air, a Bulk of Water equal to it will infallibly weigh 21 
Ounces; therefore muft you fubdud a Bulk of Water of 21 Ounces, if you 
would by the Weight of the Remainder of the Bulk equal to the Body, know 
the Specific Gravity of the Body it/elf, as we have already fatd. 

If you would know any thing farther relating to this Matter, con- 
fult the-fame Author in the fame Treatife, Prop. 43, 44, 45, 47, and 
others, which will fatisfy you upon this Head. If thefe fhould not be 
fufficient, you may have recourfe to Galileus, who {peaks clearly on 


this Subject; and befides them, you have a little ¢a/ian Book publithed 
by 
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by Nicolas Tartagha, intitled, Ragionamenti de Nicolao Tartaglia: So- 
pra la fua travaghata Inventione. With another intitled, Regola ge- 
nerale da fulevar ¢ mifurar non folamente ogni offendata nave: ma una 
torre folida, di metallo trovata da Nicolao Tartaglia. 


CHAP. IL 


Of Recreative Globes that leap and bound upon Horizontal 
Planes. 


SORT I. 


TAKE an hollow Wooden Globe, perfectly Round, with its Orifice 

and Tompion, in the fame Proportion and Form as we directed 
for the firft Sort of Water-Globes in the foregoing Chapter ; and fill ic 
with an Aquatic Compoftion. Then be there 4 Iron Petards or Crackers 


93 


(or more if you will) made in the Form you fee in Fig. 93 under the Fig. 93. 


Letters A, B, C, D: Thefe you fhall fill with the beft Corn Powder 
you have, and ftop them up with Wadds of Paper or Tow. Then bor- 
ing Holes in your Globe of a proper Size to receive your Petards, 
you fhall fecure them with Nails to the Outfide of your Globe ; which 
done, you will have the Whole prepared. If you fire this upon a fmooth 
even Spot, you will {ee it leap, and bound, as often as the Petards in it 
go off. 


SORT I. 


Get a folid Wooden Bai] made as Round as poffible, and coat it well Fig. 94. 


over with Wax. Then cut long Slips of Paper of the Breadth of 2 or 
3 Inches, and pafte them to the Convexity of your Globe, fo that it 
may be entirely covered with them, but not with one Layer only, but 
to the Thicknefs of one or two Lines: Or what will be more expeditious, 
Take of that Pulp or Pafte of which Paper is made, and diffolve it in 
Glue Water, and with it coat over the whole Globe, and dry it by a ve- 
ty flow moderate Fire; and being perfeétly dried, divide it into two 
Parts. In fhort, fet it then before a Fire which is hot enough to melt 
the Wax, and you will have two hollow Paper Hemifpheres (as you 
may readily conceive) with which you fhall make a Leaping or Running 
Ball, after this Manner. Take three common Rockets filled and bored, 
as we directed for the Firft Sort of Sky-Rockets, excepting only the Re- 
port which is not here neceflary. Thefe Rockets thall be of fuch Length 
as not to exceed the interior Diameter of the Hemifphere. Fix then 
thefe Rockets in either of the Hemifpheres, and difpofe of them fo as 

Ddd that 
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that they may have their Heads and Choaks alternately even with each 
other: And thus they muft be ordered ; that when the Firft is quite 
fpent, the Second may immediately take Fire, and force the Hemif- 
phere back again; and fo on with the Third, when the Fire is commu- 
nicated to that. Care however muft be taken, that the Fire does not 
privately pafs from the Firft Rocket to the Second or Third, before it is 
quite confumed: This Danger you may eafily avoid, if you keep in 
Mind, what we have already faid of two Rockets joined together, 
when we treated of thofe that run upon Ropes. Now in order to 
fire this Globe you shall make an Hole in your Paper Hemnifphere 
over-againft the Choak of the Firft Rocket. In fhort, all the ne- 
ceflary Precautions being taken in fixing your Rockets, you fhall cover 
them with the other Hemifphere, which thall be firmly joined to 
the Firft with ftrong Pafted Paper; you muft be careful in doing this, 
for fear left in turning, running, and winding about, they fhould be 
torn from each other; whereby your Labour and Expence might become 
matter of Laughter to the Spectators, and yourfelf be put to Confufion 
inftead of meeting with Applaufe. In a Word; fuppofing them to be 
well joined together, fet fire to the Priming which correfponds with 
the Firft Rocket, and leaving it freely upon an even Horizontal Plane, 
you will fee ic run and fly about with fuch Swiftnefs, and with fo ex- 
traordinary a Motion, as will furprize the Beholders. In the fame Sce- 
nographical Figure, the Letters A B C thew the Rockets, and how they 
mutt be fixed in the Hemifphere. 


SORT I. 


This Glode is not very unlike the Firft Sort, excepting that to this you 
add a certain Number of Crackers, which are difpofed as you may fee 
in Fig. 95, where the Crackers are diftinguifhed by the Letter A, and 
the Vent or Touch-hole by B. 


CHAP. 
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CHAP. UL 


Of Recreative Aerial Globes which are projelted from a 
Mortar-Piece. 


WHEN you would make any of thefe Aerial Globes, which are 

thrown up into the Air by Mortars, you fhall firft of all take 
care to have the Cakbre of the Mortar you intend to ufe: And having 
found it, you fhall divide it into 12 Parts, one of which you fhall al- 
low for the Windage of the Globe, and +: fhall remain for the Diame- 
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ter of the Globe you intend to make. You fhall chen divide this Dia- Fig. 96. 


meter into 6 equal Parts; and the Height between A and C {hall be 
equal to the Diameter of the Globe; the Radius of the Semi-Circle C I 
fhall be ¢ or half of the Height or Breadth of the Globe. The Thick- 
nefs of the Wood H I fhall be $; of the above Diameter; but the 
Thicknefs of the Cover A K fhall be : of the Diameter of the Glode. 
The Diameter of the Cavity G H of this Gide thall be 4 of its whole 
Diameter. The Height of the Priming-Chamber B F fhall be ¢ and $ of 
the Diameter; but its Breadth ; only; that is, its Height fhall be 1 + of 
its Breadth. As for the Diameter of the Touch-Hole, it will be fuffi- 
cient if it is 4orsof that of the Chamber. 

This is all I can fay of the Proportions of this Sort of Balls, as to their 
Wooden Conftrution : But as for the Manner of filling them, the fol- 
lowing Directions will fully inftra& you. The Figure of this Globe, 
and thofe which follow it, may be plainly underftood by Fig. 96. 

Obferve here, that the Proportions of thefe Glodes are only to be un- 
derftood of thofe which are projected from great Mortars (namely) fuch 
as can carry a Stone Ball of 30, 40, 60, or 100 tb, or more if you 
can get any fuch: But for the Leffer, which carry but 6, 10, 15, or 
20 tb of Stone, thefe Globes may be made of Pafted Paper, and rowled 
in fafhion of a Cylinder, excepting only the Bottom which {hall be of 
Wood, as well as their Priming-Chambers and Vent-holes. 


SORT I 


Take hollow Canes or common Reeds, and cut thern into Lengths to 
fit the Cavity of the Glode, and fill them with a fow Compofition made 
3 Parts of Meal Powder, 2 of Coal, and one of Sulphur, moiftened with a 
little Oz] of Petrol; excepting the lower Ends of them which reft upon 
the Bottom of the Glote, which hall have Meal Powder only, moiftened 
in like manner with Oi/ of Petrol, or fprinkled over with Brandy, and 

then 
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then dried, to make them take Fire the better. You fhall moreover 
cover the Bottom of the Globe with Meal Powder mix’d with an equal 
quantity of that in Coras. Thefe Reeds being filled after this manner, 
you fhall fet as many of them upright in the Cavity of the Globe as it 
is capable of containing. ‘Then cover it well at Top, and wrap it well 
round, with a Cloth dipped in Glue, or any tenacious Subftance. The 
Priming hall be of the fame Compofition with the Reeds, or one of the 
two following. The Firft; made of 8 Parts of Powder, 4 of Saltpeter, 
2 of Sulphur, and one of Coal. The Second; 4 Parts of Powder, and 
2 of Coal. Meal, mix, and incorporate thefe Jngredients together as 
well as poffible. To conclude, you fhall ftick round the Orifice or up- 
on it (with a little Pyrotechnic Glue, which we fhall fpeak of in the 
following Book) fome Qyick-Match (which muft be prepared as we 
directed in Book II. Chap. XXIX.) with fome untwifted Tow of the 
fame fort. Fig. 96 fhews you the whole of this; for the Letter L 
points out the Reeds contained in the Globe. The reft needs no Ex- 
planation. 


SORTS II and II. 


Thefe two Sorts of Recreative Globes, which you fee reprefented under 
Figures 97 and 98, are perfectly contrived like the Firft Sort, with on- 
ly this Difference between them, that the Firft of thefe is filled with 
Running Rockets; and the Laft with Paper Crackers and Stars, and Py- 
rotechtic Sparks inter{perfed with Meal Powder, which are put promif- 
cuoufly over the Crackers. It is needlefs then to dwell any longer upon 
thefe, fince you may gather whatever relates to them, from what I have 
faid above, as alfo from the Reprefentations of them; which are fo 


plain, that it is impoffible for any Body to be miftaken that does but con- 
fider them a little. 


SORT IV. 


This Globe, which we rank in the Fourth Place, and which we have 
reprefented in Fig. gg, is not fo difficult in its ConftruGtion, but that it 
may be eafily comprehended by the Figure itfelf. Firft of all, the Great 
Globe which contains a Leffer in it, is the very fame with thofe above- 
defcribed ; for it is charged with Running Rockets as well as that of the 
Second Sort: But however with this Difference, that this is lined but 
with a fingle Range of Rockets, as may be feen in the Letter A; whereas 
the Cavity of the other is quite filled up with them. In the midft of 
thefe Rockets, you fix a Globe in a Cylindrical Form with a flat Bottom 
as B, and a Chamber and Touch-hole at D. The Capacity of this In- 
ner Globe is filled with Iron Crackers as C, and covered with a flat Co- 
vering as EE, You thall fill the Priming-Chambers with the fame Com- 
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pofition as we have ordered for the above Globes. As for the Fuzes they 
fhall be of good Meal Powder. 


SORT V. 


As for the Conftrudtion of this Fifth Sort of Recreative Globes; it dif- Fig. 100. 
fers in nothing from the Fourth above defcribed, except that it is larger 
and more capacious, and contains two others one within another. The 
Biggeft of all is diftinguifhed by the Letter A, which is charged with 
Tubes D; (the Conftruétion of which we have fo often given) whofe 
Orifices are all turned downwards, upon the Bottom of the Globe, which 
is {pread over with Corn and Meal Powder mixed together. The Second 
and Middlemoft, diftinguifhed by B, isin like manner charged with one 
Row or Round of Running Rockets E. In fhort, the Third and Smal- 
left Ball C is charged with other {maller Rockets as may be feen in F; in 
the Middle of which is a Light Ball G. As for any thing farther re- 
lating to it, you are to proceed in the fame Manner as was ordered with 
regard to the aforementioned Sorts; fee the Reprefentation of this Fig. 
100, which will illuftrate it, if our Explanation is any way defective, 


SORT VI 


Firft get a Wooden Giode, in the Middle of which let there be made a 
Mortar, with a little Chamber for Powder ; round which hall be formed 
a Berm or Ledge, for the conveniently ranging of certain Paper Tubes 
or Cafes: In this Berm you mutt hollow out a little Groove or Channel, 
which muft be filled with Mea] Powder, for conveying the Fire all 
round. This done, you fhall put a Recreative Globe into the Mortar, filled 
with Running Rockets, Paper or Iron Crackers, Reeds, or in thort, with 
Stars and Sparks which we have fo amply defcribed elfewhere. Upon 
the abovefaid Channel then, you fhall place your Cafes or Paper Tubes, 
exactly after the Manner we ordered in the foregoing Chapter for the 
Sixth Sort of Water-Globes, which fhall be filled with Running Rockets, 
and covered round with ftrong pafted Paper or Glued Cloth. Caft your 
Eye upon Fig, 101, where the Letter A points out the Wooden Globe Fig. 101. 
without any Addition to it. The Letter A alfo thews its Mortar. E the 
Hollow in the Berm. D the Touch-hole. C the Priming-Chamber, 
and B is the Chamber of the Mortar. But in the other Figure diftin- 
guifhed by B, the Letter F fhews you the Order in which your Paper 
Cafes ought to be placed upon the hollowed Berm or Ledge. The reft 


may be readily comprehended by whofoever rightly confiders this Fig. 
101, 


Eee. SORT 
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SORT VIL 


You fhall order a Wooden Globe to be made whofe Height is double 
Fig- 102. of its Breadth; fuch as you fee in Fig. 102, where its Height from A 
to B, is double of its Breadth from C to D. So much for its outward 
Form. Hollow out one half of it (I mean the upper Part) after the 
fame Manner as has been done with regard to the preceding Recreative 
Globes ; which Cavity hall be filled with Ruaning Rockets or Crackers, 
or fome other of thofe Things we have mentioned above. Then clap 
a Cover over it. The Lower Part of this G/ode thall have a Priming- 
Chamber at E, whofe Height and Breadth fhall be ¢ of the Diameter 
of the whole Giobe; and the Touch-hole fhall be ¢ or $ of it. This 
done, you fhall pierce ali the Lower Part of the Globe with Cavities 
which fhall not be fo deep as to interfere with the Touch-hole in the 
Middle; but between the Inner Extremities of them and that, there 
fhall be the Thicknefs of half an Inch of Solid Wood: Which how- 
ever fhall be afterwards bored with a red-hot Iron, fo as to have a Com- 
munication with the Touch-hole. You may fee how this is to be done 
by the Letters G and F. Thefe Cavities thall be of fufficient Capacity 
to receive Iron Crackers or Running Rockets. Now to repeat to you, 
how they ought to be fixed; what ought to be obferved to make them 
depart after they are lighted ; or what muft be done or not done to pro- 
cure the defired Effect from them; this is what I have fo often touched 
upon, that a farther Repetition might be troublefome. Let us then pro- 
ceed to the following Sort. 


SORT VIII. 


The Structure of this Gide is not fo confiderable on the {core of its 
Contrivance, as it is admired by the Spectators for its fine and agreeable 
Effects in the Air; and I may fafely fay, there are but few Pyrobolifts 
who can reprefent in the Air, in a dark cloudy Night, Letters or Cy- 
phers in Fire, or whole Names, or even feveral Sentences all in Flame. 
Here then in the Conftruétion of this Globe (which I myfelf invented, 
and have often put in Praétice) I intend to fhew you one of this Na- 
ture, which will have fuch Effects as cannot but be admired: In the 
ordering of which you muft proceed as follows. In the firft Place get 
a Wooden Globe of the fame Form, and of the fame Height, Breadth 
and Thicknefs, with that of the Firlt of this Sort of Globes, or of the 
fubféquent of them, no matter which. Now the Priming-Chamber A, 

Fig. 103. in Fig. 103, fhall have its Breadth and Height of ¢ of the Diameter of 
the whole Globe. Befides this Chamber you fhall have another to re- 
ceive Corn Powder, whofe Height C D thall be equal to its Breadth 
D E, which hall be alfo : of the Diameter of the whole Globe ; but the 

Fuze 
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Fuze or Vent-hole B fhall have its Breadth one fourth of the Powder- 
Chamber, or Priming-Chamber above mentioned. You fhall have alfo 
another Globe in a Cylindrical Form, the Bottom of which thall be 
rounded on the Outfide, as may be obferved in the fame Figure by the 
Letter F. The Cover of it, G, fhall be let a little into the Inner Sur- 
face of the Cover of the Great Globe, in order to keep it firm; and this 
Leffer Globe fhall be placed perpendicularly over the Chamber which is 
filled with Corn Powder. You fhall then fill the Cavity of this little 
Globe with Running Rockets, Stars and Sparks, as may be feen by the 
Profil. To the rounded Bottom of this Globe, hall be tightly fitted a 
Wooden Ring (the Profil of which you have in H ;) the Subftance of 
which fhall be bored through with Holes, as you may fee inI; or if you 
will, ic may be fluted all round, as may be feen in K; or finally, you thall 
plant {mall Iron Nails all round the Bottom of the Giode, in fuch man- 
ner that their Heads may be all even, and ferm a perfect Circle, whofe 
Diameter exactly correfponds with the Inner Diameter of the Globe, 
and its Circumference with the Circumference of the fame. See it re- 
prefented in Fig. L. After having prepared your Globe after this man- 
ner, take two long thin Slips of Whalebone (which the Germans call 
Walfi{chbein) which naturally permitting itfelf to be bent without any 
danger of breaking, and inclining to a voluntary Recurvature, it is very 
proper for the Ufe we fhall here apply it to. You fhall then take two 
Slips of it, which though rowled up in a Spiral Direétion, have Strength 
and Spring enough to recover their firft Rectitude, upon their being re- 
leafed from their Conftraint. Having two fuch pieces of Whalebone 
join them together, difpofing of them fo that their Convexities may be 
Inward, and their Concavities Outward, as may be plainly {een by M. 
Of thefe two curved Slips, you hall make one ftrait Piece as N by tying 
them down at the Ends and in the Middle: Thefe Slips thus joined to- 
gether, though bent and rowled up after any manner whatfoever, will 
by their own natural Spring and Energy recover their ReCtitude, when 
left at liberty. 

Take two Pieces thus prepared, and lay them Parallel to each other 
(confider here the Figure O compofed of thofe Artificial CharaGters 
which exprefs Vive Je Roy) and to the Extremities of them tie 
two fhorter Pieces at right Angles with them; fo as to constitute 
the right-angled Parallelogram P T S Q. Thefe four Pieces being 
thus bound together, you fhall form the Letters or Cyphers within 
them, which fhall be made of Lattin or Iron Wyre, or (what will be 
much better) of pieces of Whalebone ; but your Letters, Gc. muft be 
of fuch Size as not to exceed the Height of the Cavity HR, and if 
they are fomewhat fhorter it will be fo much the better, as we have or- 
dered it in our Example. Again ; your Letters fhall be at the Diftance 
of a Palm from each other, or a Foot at moft: In a Word, their Di- 
ftances fhall be according to the Capacity of the Globe you iatend to 
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put them into. Your Letters being thus fixed in your Frame (or Paral- 
lelogram) take loofe Pyrotechnic or Quick Tow (prepared as we directed 
in Chap XXIX. of Book II.) and wrap them neatly round with it from 
one end to the other; then fteep them in Brandy, in which you fhall 
have previoufly diffolved a little Gum Arabic or Gum Dragant, and as 
you dry them falt them over with Meal Powder. You muft however 
take care that the pieces of Whalebone which form your Frame, are no 
ways incommoded or intangled by your Tow; for fear when your Let- 
ters burn out, their Flame fhould be confounded in one another, and 
become indiftinét in the Air. If now you would have your Letters de- 
fcend perpendicular to the Horizon, you fhall faften two fmall Weights 
to your Frame at S and Q only; but if you would have your Frame 
fall down parallel to the Plane of the Horizon, there fhall be two other 
Weights at Pand T; that is, there thall be a Weight at each Angle of 
your Parallelogram or Frame. Finally, the Whole being thus ordered, 
bend it round to go into the Inner Circumference of your great Globe ; 
and let it reft perpendicularly upon H in the aforefaid Globe, and then 
fill up the empty Spaces between the Letters with Meal Powder. This 
done, cover it up, and I affure you nothing can be more delightful to 
the Sight, and that you will receive an unfpeakable Pleafure from the 
Effects of this Globe ; provided that in the Conftruction of it you ob- 
ferve every thing that is here directed. 

You may by a Contrivance of this Kind not only reprefent Letters 
and Cyphers in Fire; but alfo the Arms of Princes and great Lords, to- 
gether with Human Figures, and Animals, which will move to and fro 
in the Air, to the great Satisfaction of the Beholders. But you muft 
know, that to fucceed in fuch fine and difficult Attempts, it requires a 
Perfon to be pofieffed of a pretty good fhare of Senfe, and found Judg- 
ment, joined to a perfect Knowledge in Pyrotechnics, and a fine Tafte 
of every thing relating to it: And where thefe Qualifications are want- 
ing, I would advife no Body to engage themfelves in fuch a Work ; for 
neither 4/culapius nor all his Succeffors of the Faculty, can find one 
Remedy throughout the whole Extent of their Science to repair the leaft 
Mifhap that might befal you in this Cafe. 


COROLLARY IL. 


Of Shining or Lighe-Balls, /ach as are commonly ufed at 
Bonfires, which the Germans call Lichtkugel. 


PT HERE are two Sorts of Light-Balls (namely) the Recreative and 
Serious ; of the Laft of which we fhall fpeak in its proper Place; 


and fhall now only curforily touch upon the Recreative Sort. 
Take 
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Take of Crude Antimony 2 tb, of Saltpeter 4 tb; of Sulphur 6 tb; of 
Colophone 4 It, and of Coal 4 tb. 

Or elfe; take of Antimony tb fs, of Sultpeter j Ib; of Sulphur tb fs, of 
Colopbone j tb, of Coalj ib, and of Black Pitch Ib f. 

You fhall put either of thefe Compoftions (after having been well 
mealed) into a Brafs Boiler, or into any glazed Earthen Pot, and melt 
them over a Fire. Then throw as much Hemp or Flax into them as 
may be fufficient to abforb them quite up: And whilft cooling, you 
fhall make them up in Balls of fuch Sizes as you want. Then wrap- 
ping them well up, and coating them with Pyrotechnic or Quick Tow; 
you may put them into Rockets or Recreative Globes, whether Aquatic or 
Aerial. 


COROLLARY IL 


Of Pyrotechnic Stars and Sparks, called by the Germans 
Stern-veuer and Veuerputzen, 


pr ROTECHNIC Stars differ thus much from the Sparks, that 

they are a great deal larger, and not fo foon confumed; but 
fubfift in the Air, and fhine out with a longer Duration, and with a 
Splendor which becaufe of its extreme Brightnefs, may in fome degree 
be compared with the real Stars which adorn the Firmament. They 
are to be prepared after the following Manner. 

Take of Saltpeter Tb fs, of Sulpbur % ij, of Powder of Yellow Amber 
3 j, of Crude Antimony 3 j, of Meal Powder 3 iij. 

Or elfe; take of Sulphur 3 ij fs, of Saltpeter 3 iiiiij, of Powder finely 
mealed 3 iiiij, of Olsbanum or Frankincen/e in Drops of Maftic, of Chry- 
fral, of Mercury Sublimate, of each 3 iiij, of White Amber 3 j, of Cam- 
phire 3 j, and of Antimony and Orpiment of each 3 fs. 

All thefe Ingredients being well beaten and paffed through a Searce, 
they fhall be fprinkled over with a little Glue Water, or Water of Gum 
Arabic or Dragant: Then made into little Balls of the Bignefs of a 
Bean or {mall Nut; and being dried by the Sun or Fire, they thall be 
laid up in fome convenient Place, to be ufed in the Artificial Fireworks, 
which we have here fo amply treated of. When you put them into 
Rockets or Recreative Globes they muft be wrapped up in Quick Tow. 
Pyrobolifts fometimes inftead of thefe Balls take certain Quantities of 
a melted Stuff (which we fhall fpeak of hereafter when we teach you 
the Preparation of Fire Rain) which they wrap up in Quick Tow for 
feveral Ufes in Fireworks. 

But if thefe do not pleafe you becaufe of their blackith Caft, and if 
you would rather choofe to have them Yellowith or inclining to White ; 

FP ff Take 
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Take 3 iiijof Gum Dragant, or of Gum Arabic, beaten, mealed and pafied 
through a Searce; of Camphire diflolved in Brandy 3 ij, of Saltpeter 
1b j fs, of Sulphur ib fs, of coarfe Powder of Glafs 3 iiij, of White Amber 
3 jf, of Orpiment % i): Incorporate all thefe Ingredients together, and 
make Balls of them as before. I learned this of Claud Midorge. 

The Method of making Sparks is as follows: Take of Saltpeter 5 j, 
of the fame melted 3 fs, of Meal Powder 3 {s, of Campbire 3 ij. Af- 
ter having mealed thefe Ingredients (fuch as want it) apart, put them 
all together in an Earthen Pot, and pour upon them Water of Gum 
Dragant, or Brandy that has had Gum Dragant or Gum Arabic diffolved 
in it, that the Whole may have the Confiftence of a pretty Denfe Li- 
quid. This done, take an Ounce of Lint, or the Down of Linnea, 
which has been previoufly boiled in Brandy, Vinegar, or Saltpeter, then 
dried and {pread out, and throwing it into this Compofition, mix and ftir 
it about, till ic has abforbed it all. This done, rowl it up in Pills 
about as big as a great Pea, which you fhall fet to dry after having 
falted them with Meal Powder. Ufe thefe according to our Dire- 
ctions. 

We have, farthermore, a Way of preparing certain Odoriferous Pills, 
which are ufed in little Pyrotechnical Machines and Contrivances, which 
are fired in Rooms and Clofets, ‘Thefe are commonly compofed of Sto- 
rax Calamita, of Benjamin, of Gum ‘uniper, of each 3 ij; of Okbanum, 
of Maftic, of Frankincenfc, of White Amber, of Yellow Amber, and of 
Camphire, each 3 j; of Saltpeter 3 iij, of Lime-Tree Coal 3 iiij. Thefe 
Ingredients are to be well beaten, pulverized and incorporated together ; 
then moiftened with Rofe Water, in which has been previoufly diffolved 
fome Gum Arabic or Dragant, that the Whole may be made up in Pills, 
which mutt be dried in the Sun or before a Fire. 


COROLLARY III. 


Of the moft certain Method for Projecting Recreative Globes 
from a Mortar: Of the Quantity of Powder requifte for 
that Parpofe: And of the Chambers to recetve it, 


Y OU muft confider that all thefe Recreative Globes are ufually thrown 
up into the Air in a Vertical Line, or againft the Perpendicular of 

the Horizon; wherefore it is neceflary that you fhould have a thorough 
Knowledge of the due Quantity of Powder requifite to diflodge your 
Globe, and to project it into the Air to any determinate Height you 
would have it. We may come at this by two Ways. The Firft is thus: 
Weigh 
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Weigh your Globe with a Balance or Steelyard, and for every Pound 
that it weighs allow { of an Ounce of Gun-powder. As for Example ; if 
your Recreative Globe weighs 40 if, you muft, to diflodge it, allow 
40— of an Ounce, or 10 Ounces of Powder: And this will be full 
enough for the purpofe; for thefe G/ebes being made of Wood only, 
they could not bear the violent Shock of a larger Quantity ; add to 
which, that the Powder confined in Warlike Machines exerts itfelf more 
to throw up a Body ina Right Line, than to project it in any Oblique 
Direction; becaufe it is proportionably more oppreffed by the fuperin- 
cumbent Weight, and has its Liberty thereby more reftrained. This 1 
fhall endeavour to demonftrate more amply elfewhere. If you fhould 
be in a Place where no fuch thing as a Balance or Steelyard is to 
be got; take the Diameter of your Globe with a pair of common Com- 
paffes, or with a pair of the crooked Sort, and apply it to that Side of 
the Calibre Scale calculated for Stone Bullets, and divide the Number to 
which your Compafies extend into two Parts, and you will have the 
Number of Loths or half Ounces of Powder requifite to diflodge your 
Globe. 

Now fuppofe you do know the due Portion of Powder requifite to 
project your Glode, yet methinks this is not enough; for you ought to 
know alfo, how and in what Form this Powder ought to be put into the 
Mortar. We have two Ways of coming at this. The Firft of which: 
Be there made a certain Body of foft yielding Wood, in the Form of a 
truncated Cone reverfed, (which the Germans call Setz-Kamer) equal in 
Height and Breadth to the Chamber of the Mortar, in which fhall be 
hollowed out a Chamber for receiving the Powder. This thall be 
pierced with a fine Borer, or a red-hot Iron Needle from the bottom of 
the Wood to the Center of the bottom of the Chamber in it; but not 
in a perpendicular Dire@tion, but diagonally or flanting as from to d in 
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Fig. A under 104. The place where this Touch-hole begins thall be Fig. 104. 


marked, fo that when you fill the Chamber, it may be turned to cor- 
refpond with the Vent-hole of the Mortar. When therefore you would 
load your Mortar with a Recreative Globe, cover the Bottom of the 
Chamber with a little Mea? and Coru Powder mixed together, and upon 
that put your Wooden Chamber, in which fhall be the Quantity of 
Powder requifite to project your Glove, In thort, your Glebe thall have its 
Orifice turned down upon the Powder, and thall be wrapped round with 
Hemp or Flax, Hay or Straw, no matter what, fo that it be not any 
thing that will retard its Flight, and hinder its Projection. Confult #1- 
gure 104, which will pive you a perfe@ Idea of ail this. 

Obferve here, that your Wooden Chamber ought to be of a-Capacity 
fufficient to hold all the Requifite of Powder, and on the contrary, it 
fhall not be fo big as not to be entirely filled by it. 

If by chance the Chamber of your Mortar is broader than needful, 
or if its Fleight is not well proportioned to its Breadth ; or in fhort, if 

the 
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the Requifite of Powder is fo little as not to fill up the Chamber ; (which 
may frequently happen, inafmuch as Recreative Globes are much lighter 
than Grenado’s or Bombs, &c. for which Mortars were chiefly defigned ; 
which have accordingly f{pacious Chambers to receive the Requifite of 
Powder neceflary to project thofe heavy Bodies, and notwithftanding you 
may make according to our firft Method a Chamber that is juft fuffi- 
cient to contain the Requifite of Powder ; yet as in {uch a Chamber the 
Powder is not clofely united, but is rather extended too much, it will 
not be fo vigorous, nor act with fuch Force upon the fuperincumbent 
Weight, as if it was confined to fome Chamber whofe Cavity is propor- 
tioned to the Effect required ; for the Reafons here-under given) and 
therefore it will be neceflary to have fome Wooden Cylinder equal in 
Height and Breadth to the Chamber of the Mortar; in the Middle of 
which fhall be bored a Cavity, whofe Height is equal to that of the 
Chamber of the Mortar to hold the Quantity of Powder neceffary to 
throw up the Recreative Globe. Now this may be done as follows. 

Firft, by a Scale divided into equal Parts, meafure the Height of the 
Powder contained in the Chamber of the Mortar that is requifite to pro- 
jeét your Globe; and then by the fame Scale meafure the whole Height 
and Breadth of the Chamber. Then find out a mean Proportional be- 
tween the Height of the Powder in the Chamber and the Height of the 
whole Chamber itfelf. This mean Proportional being found, you shall 
look out for a Fourth Proportional ; by faying, As the mean Proportio- 
nal found, is to the Height of the Powder in the Chamber, fo is the 
Breadth of the Chamber to a Fourth Number. Having performed 
this after the common Way you will have a Fourth Proportional, which 
will be the Diameter of the future Chamber, capable of containing 
your due Requifite of Powder, which Diameter you fhall meafure by 
the above Scale. This will be readily apprehended by the following 
Example. 

Let then the Chamber of your Mortar be a, d, in Fig. 104 under the 
Letter B, and let the Height of it be ac or bd; let the Height of the 
Powder in the Chamber be c e: Thus d e will be the Cylinder that con- 
tains a Quantity of Powder requifite to project your Recreative Globe. 
As this Powder is not fufficient to fill up the whole Chamber, there 
mutt of neceffity be a vacant Space between it and the Globe, which 
refts upon the Orifice of the Chamber. Now fince, fo large a Vacan- 
cy may be a great Hindrance to the Ejaculation of the Globe, and fince 
the Powder is but a very little Quantity when compared with the Ca- 
pacity of the Chamber ; therefore muft this Cylinder or Chamber which 
now contains it, be transformed and altered, into another equally ca- 
pacious to it, and whofe Height fhall be at the fame time equal to the 
whole Height of the Chamber of the Mortar. This is to be done af- 
ter the following Manner. 


Find 
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Find out the Height of the Powder between e and c, which we wiil 
here fuppofe to be 20 Parts or Divifions of your Scale ; and the Height 
between c and a, or that of the whole Chamber, which we will fuppote 
to be 45 of the aforementioned Parts; the mean Proportional between 
thefe two Numbers (vz. 20 and 45) being about 30; fay, As 30, the 
Proportional Number immediately found, is to € ¢, the Height of the 
Powder in the Chamber which is 20 Parts of your Scale; fo is c d or 
a b, the Breadth of the Chamber of the Mortar, which is 24 of the 
fame Parts, to the Diameter or Breadth of the Chamber you would pre- 
pare. This performed, you will have 16, which will be the Diameter 
of the Orifice fought. Hollow out then of your folid Wooden Cylin- 
der 1 0, equal in Height to the Chamber of the Mortar a d, the Con- 
cave Cylinder g k, the Diameter of whofe Orifice g h is 16 of the fame 
Parts with the 45 which conftitute the Height of it 1 n, or g i: Thus 
will you have a Chamber of a Size requifite for your Purpofe. 

Obferve here, that in this Cafe, and in fuch a Chamber, it is not at all 
neceflary to prefs down the Powder, and that it will be better to have 
the Interftices of it free and open, that the Air may be diffufed through- 
out it, and that the Fre may have free Paflage to inflame it all at once, 
and inftantaneoufly. 

If this kind of Chamber does not pleafe you, get a Wooden Former 
whofe Diameter is equal to the Cavity of the laft mentioned Chamber, 
and either pafte or rowl as much ftrong Paper upon it, as may give it 
fuch a Thicknefs and Length as exactly to fic the Chamber of the Mor- 
tar. You have the gure of this in D. It is my Opinion, that there 
can be no better Reafon given, why Powder when confined in a long nar- 
row Chamber, fhould have a more violent Effect, than when an equal 
Quantity of it is lodged in a broad fhallow one; than that the Powder 
is much more united in the Former than in the Latter, where it is 
more extended ; from whence it happens, that the Denfity of the Fire 
iffuing from the clofe confined Powder is more confiderable, the Exha- 
lations and Expanfion much more abundant ; the Union of the Parts of 
the Fire much more perfect ; and confequently the Flath muft be every 
way more powerful, as I faid above. 

In a Word; I believe the true Reafon why the Ancrents invented 
Chambers for their Mortars and Cannon, was becaufe thofe Engines were 
chiefly defigned for projecting Stone-Bullets : But as in thofe Times they 
alfo ufed Mortars for throwing out certain Pyrotechnical Globes (as is ftill 
practifed, and to which we have lately added Bombs, &c.) which re- 
quiring but a little Powder in Proportion, to what was neceflary to pro- 
ject thofe ponderous Bodies of Stone; if their {mall Requifite had been 
lodged in a {pacious Cavity it could have performed no notable Effeét, 
for want of being collected in a clofe Body: To remedy this Incon- 
veniency, the antient Pyrodolifs contrived Chambers in their Mortars 
which are as it were little Magazines for keeping the Powder clofe toge- 
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ther, that by the Proximity of its Corns, its expulfive Force might be 
perfectly united, and acting impetuoufly upon the Projectile, oblige ie 
to depart as faft as its Weight will permit. I have however often ob- 
ferved, that the Chambers in old Mortars and Guns were much larger 
than ours, the Reafon of which was, becaufe their Powder was much 
weaker than ours, which was owing to the fmall Quantity of Sa/tpeter 
in it; wherefore it was neceflary that their Chambers fhould be propor- 
tionably large. This, the Modern Pyrodolifs have altered ; for in our 
Days, that Mars feems to have been more infolent and outragious than 
ever, thofe who have had the ordering of the Arszllery have greatly lef- 
fened the Chambers, becaufe our Powder is much more ftrong, than what 
was formerly ufed; and therefore our Chambers muft be proportionable 
to the Virtues and Qualities of the Powder they are to contain. If what 
I have been here faying, does not feem fufficient to you, to clear up what 
I have here offered concerning the weaker or ftronger Effects of Gun- 
powder, in proportion to the Capacity of the Chambers where fuch Ef- 
feéts are produced, I fhall ftill farcher endeavour to illuftrate it by an 
Example of Pneumatical Engines or Wind-Guns ; for if into.any two of 
them of equal Capacity you inject an equal Quantity of Air, it is cer- 
tain that the Air fo condenfed being fet at liberty, would rufh with 
much more Noifé and Impetuoufnefs through a narrow Tube, than 
through a broad one, and attack any Obftacle in its Way, and impel it 
with a Power, much more confiderable than the other, and all from the 
different Size of the Tubes or Barrels; (if we are here to underftand 
Wind-Guns:) and it is certain that in unequal Capacities the greatedt 
or leaft Quantity of Air would help or hinder the Violence of the Air 
iffuing from two unequal Engsnes or Guns; for that Quantity of Air 
which was fufficient to fwell or fill up a fmall Tube, would not be 
enough to fill up a larger Tube; but would difperfe on all Sides, and 
diffufe itfelf throughout the whole Capacity of it, and could not be fo 
much condenfed in its Excurfion through a Space where it has room to 
expand itfelf Thus is it with Hydraulic Machines, which throw up 
their Water the higher, the narrower their Pipes are ; which alfo moves 
with a greater Horizontal Velocity, than that which runs through large 
Pipes or Channels; fuppofing fuch Water to run in Channels or Pipes 
equally inclined to the Plane of the Horizon, and to be of equal Quan- 
tity, &c. The Caufe of thefe different Effects may be accounted for, 
by what we faid above, (namely) That it is more compacted in narrow 
Channels, in which being hurried along by any Force impreffed, or 
only left to the liberty of running its inclined Courfe, it flows along 
with wonderful Rapidity. It is quite different in fpacious Channels, 
where the Water has room to {pread abraad. Apply this now to Gun- 
powder in the Chambers of Warlike Engines, where being converted 
into a Fiery Spirit, which when it finds itfelf opprefied and pent up ina 
narrow compafs, exerts its whole Strength to difengage itielf-from all 
I manner 


Book IV. Of the Great Art of ARTILLERY. 207 


manner of Reftraint, and having forced a Paffage to the Air, it violent- 
ly explodes and difperfes that Element, which inftantly clofing together 
again, produces that fhocking Clap which is heard upon the difcharge 
of all Pieces of Ordnance. 


COROLLARY Iv. 
Of Recreative Petards or Crackers, 


E have often mentioned Petards or Crackers in the preceding 
Chapters; but have faid nothing yet of their Conftruction. You 
muft know then, that there are two Sorts of Petards, which the Ger- 
mans call die Schlage : One Sort of them being ufed in Recreative Fire= 
works; (which only I hall here treat of ) and the other is applyed to Se- 
rious and Warlike Ufes, concerning which we fhall. {peak hereafter. The 
Form then of the Recreative Sort may be very much varied. Now of 
an infinite Number of them, thofe which you fee in Figures 105, 106, 
107 and 108 in A and B, are fuch as I choofe to give you the Reprefen- 
tation of. Some of thefe are made of Paper; as you may fee by B, in 
Fig. 105 and 108 ; which are formed in: Moulds particularly contrived 
for them, one of which we have already reprefented and defcribed in 
Book III. Chap. III. 
Others are made of Iron and Copper Plates, and fome of Lead as may 
be feen in Fig. 106, 107 and 108, diftinguiflied by the Letter A. 
Thofe which are made of Paper after the manner that you fee in Fig. 
105 and 106, have their Upper Parts (diftinguifhed by A) filled with Fig. 105. 
Corn Powder; and their Priming-Chambers mutt reft upon one and the*"4 1° 
fame Plane, that they may not all go off at once, but by Intervals one af- 
ter another. The Chamber of the Firft towards the Right Hand, thall 
be Subquadruple of the Laft towards the Left, as well in thofe of Pa- 
per as thofe made of any thing elfe. As for the Proportion of the 
Chambers between the Firft and the Laft, they gradually increafe in 
going upwards, and confequently the Compofition in them mutt increafe 
in Proportion: This may be readily conceived by the Oblique Lines 
b and c, upon the one and the other Scenographital Figure, which are 
Parallel to two other Oblique Lines diftinguifhed: by d, and which ter- 
minate all their Heights in fuch manner, that they are all of an equal 
Capacity, with regard to that Part of them which is filled with Corn Pow- 
der, The Inequality of their Chambers hall be then contrived as we 
juft now ordered, and hall be filled with 2 flow Compofition, which we 
have already given you, or elfe with the following Compofition. 
Take of Meal Powder 3 Parts, and of Coal one Part, beat them and 
incorporate them well together. Carry this Compo/ition into fome damp 
Place, 
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Place, that it may contract a little Moifture, and by that means be the 
more eafily confolidated ; or elfe you may fprinkle it over with a little 
Oil of Petrol or Linfeed. 

In the Iron Crackers you muft have little Iron Partitions to feparate 
the Compofition from the Corn Powder : Thefe Partitions muft be pierced 
in the Middle, that the Frre may have Conveyance to the Corn Powder, 
In Paper Crackers what we call the Priming-Chambers and Orifices, muft 
be made juft-after the fame Manner as we choak Rockets, with this Dif- 
ference only, that they muft be choaked clofer in thefe than in thofe, 
according to the Size and Quality of your Crackers. 

As for thofe which you fee in Fig. 107, they are filled only with Corn 
Powder, and ftopped well up at Top with Paper or Tow, and have {mall 
Vent-holes at Bottom where they receive the Fire. 

In fhort, thofe Crackers which you fee in A Fig. 108 are clofed up 
both at Top and Bottom with thin Iron Plates, which muft be well fol- 
dered to the Tube, and pierced. As to the Method of charging them, 
you make an Hole in one Side of them to put in Corn Powder. 

That which you fee in B, muft be ordered after the following Man- 
ner: After having choaked it clofe up at Bottom with ftrong Pack- 
thread or Cord, fill it up with Powder, and choak it clofe at Top. This 
done, bore an Hole through the Side of it, into which you thall put a 
lictle Iron or Copper Fuze filled with Meal Powder. Thus you will 
have your Crackers ready for Ufe, and properly adjufted. 

Sometimes inftead of Crackers we ufe hollow Leaden Bullets (which 
are mere Grenado's) which are filled with Corn Powder; we have ap- 
plyed feveral of this Sort to our Water-Globes in this Book, Chap. I. Be- 
fides thefe there are others made in Form of a Cube, fome of a Tetrahe~ 
dren, others of a Prifm, and in many other Shapes Reguler and Irre- 
gular. 


PART 
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FIREGLOBES; oo BALLS 


PREPARED FOR 


MILITARY USES. 


mee) HE Number of Artificial Balls prepared for the feveral M4- 
ya q litary Purpofes is almoft infinite, fo that it is impoffible to 
give an Account of them all: For which Reafon I fhall on- 
‘ly touch upon fome of the beft and principal of them; but 
more RE Eas upon thofe which are ufed in our Days; which I 
fhall in this fecond Part of this Book, delineate and explain to our Py- 
robolift with all the Perfpicuity and Accuracy Iam able. I fhall allot 
a Chapter to each Sort of them, in Confideration that they differ pretty 
much from each other in Effect ; and are diftinguifhed accordingly by 
particular Appellations. 


CHAP. I. 
Of Hand-Grenado’s, 


SORT IL 


S to the Form of Hand-Grenado’s, it is perfectly Spherical, as is 
alfo the Cavity in the Middle of them ; and they are called Hand- 
Grenado’s from being grafped, and thrown by Hand, to annoy the Ene- 
my. If we would ftick to the Latin Denomination of them, we fhould 
call them Palmary Grenado's, becaufe their Hemifpheres commonly fill 
Hhh up 
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up the Palm of the Hand; for they are ufually of the Size of an Iron 
Bullet of 4, 5, 6 or 8eit. They fometimes weigh 1 ib or 1 + 1b, and 
fometimes 2 or 3 Ib. They are called Grenado’s from the Refemblance 
they bear to the -+ Punic Fruit which we call Pomegranates; for as the 
Rind of thefe inclofes a vaft Number of Grains, from whence they de- 
rive their Name of Granates; fo our Military Grenado’s are filled with 
innumerable Grains or Corns of Gun-powder, which taking Fire, burft 
them into a thoufand Splinters, which fly againft, and grievoufly opprefs 
the Enemy; therefore Leonard Frontzberger in his Artillery calls them 
fpringende and fchlagende Kugelen; which is as much as to fay, /eaping 
or dounding, or rather ftriking Balls, if we may fo exprefs ourfelves. 
Now this laft Appellation of thefe Ba//s may be very properly applyed 
tro all the greater Grenado’s; which doubtlefs borrowed their Name ° 
from the fmaller Sort, which have a greater Natural Refemblance to 
the Punic Fruit above-mentioned than the Larger have: Add to 
which, that it is certain the Small ones were ufed before Men (induftri- 
ous to each other’s Ruin) invented the Great ones, And indeed we do 
not find the leaft Footfteps of the great Grenado’s amongft the ancient 
Pyrobolifis; but their Writings make ample and particular mention of 
the fmaller as what they were perfectly well acquainted with, tho’ at 
the fame time it muft be confeffed that they called them by other 
Names, and treated of them ina different Manner from us. Boxbornius 
relates fomething which agrees pretty well with our Sentiments con- 
cerning Hand-Grenado’s in his Hiftory of the Szege of Breda in the Year 
1617. 

Grenado’s (fays he) which we have fo often mentioned, derive their Ap- 
pellation from their Refemblance to Pomegranates; and are hollow Iron or 
Brafs Globes, the Diameter of whofe Cavity is 3 Uncie or Inches, and 
whofe Thicknefi of Metal is 3 Lines. They are filled with Gun-powder, 
and fometimes with particular Compofitions; ia their Vents they have 
Fuzes which are flow tndeed in Combuftion, but very fufceptible of Fire, 
and calculated to burn for fome time, to avoid the danger of their burfting 
in the Hands of thofe who throw them. The fame Author fays in another 
Place, That they forbore to throw thofe Balls which derive their Name 
from the Punic Apple; becaufe as they required a good deal of Powder, and 
the Befieged falling foort in that Article, they could not afford to fupply 
them with it. 

But it were to no purpofe to dwell any longer on the Etymology 
of thefe Balls, fince every Body knows what is meant by them. Let us 
then proceed to the Order obferved in the Preparation of them; which 
indeed is fomewhat needlefs after what we have quoted from Boxhor- 
nius : But however I muft beg Leave to add three or four Words which 
fhall favour more of Pyrotechnics than of Hiftory. 


t Tais is the fame with African and Carthaginian, 
With 
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With regard then to the Matter of which they are formed, Hand-Gre- 
nado’s may be faid to be of three Sorts; the Firft and moit common of 
which are made of Iron; the Second of Brafs mixed and allayed with 
other Metals; and the Third of Glafs. If you would have them of Iron, 
they muft be the moft brittle and the leaft wrought that they can poffi- 
bly be. If you would have them of Brafs or Copper, you muft mix 
6 tb of Copper with 2 Ib of Tin and half a ib of Marcafite; or elfe it 
fhall be one ib of Tin, with 3 ib of Lattin. 'Thofe which are made 
of Iron, fhall have their Metal throughout, of the Thicknefs of } of 
their Diameters. Thofe which are made of Brafs fhall be +s. And thofe 
which are made of Glafs, fhall be + of their Diameters in Thicknefs, as 
may be feen in the Fig, 109 under the Letters A, B and C. Fig. 109: 

The Diameter of the Vent fhall be 2 of the Diameter of the Gre- 
nado; and the little Hole thall be iz of the fame Diameter: It is through 
this that the Body of the Grenado is filled with Corn Powder. 

The Fuze which you fee in the Letter D, hall have its Diameter 
from Outfide to Outfide } of the Diameter of the Grenado, or it thall be 
a little lefs that it may eafily flip down into the Vent. The Length of 
this Fuze fhall be $ of the fame Diameter ; and the Hollow of it thall 
be , and the Top of it fhall bea concave Hemifphere, as may be {cen 
by the abovefaid Figure. This Concavity muft be filled with Powder 
finely mealed, which muft be moiftened with a little Gum or Glue Wa- 
ter, that it may ftick together the clofer. As for the Body of the Fuze 
itfelf, it fhall be filled with one of the Compofttions here-under given ; 
then capped with Tow, and fome of that Pyrotechnic Cement which the 
Germans call Kit; which is made of 4 Parts of Ship Pitch, 2 Parts of 
Colopbone, one Part of Turpentine, and one Part of Wax; thefe are all 
put into a glazed Earthen Pot, melted over a flow Fire, and mixed and 
incorporated well together. 


Compofitions for the Fuzes of Grenado’s. 


Of Powder one 15; of ne one Ib; of Su/phur one tb. 
Of Powder 3 ib; of oe 2 Ib; of Sulpbur one Tb. 
Of Powder 4 tb; of oie 3 tbs of Subpbur 2 Tb. 
Of Powder 4 tb; of Vilas 3 1b; of Sulphur one tb. 


SORT 
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SORT II. 


The Hand-Grenado I am now going to defcribe, differs in no refpect 
from the former, excepting in its Fuze, which is otherwife contrived, 
and which together with fome other minute Circumftances, is all that 
conftitutes this, a Grenado of a different Sort from the foregoing. We 
have given you a Reprefentation of this in Fig. 110; in the Preparation 
of which you are to take Notice of the following Rules. Firft, get a 
Wooden Fuze made (though it may be of fome Metal if you will) 
whofe Length is equal to the Diameter of the Grenado, and its Breadth 
equal to the Diameter of the Vent; but it fhall be thicker and larger 
at Top by } of a Diameter, where it is to be hollowed out in a Concave 
Hemifphere. The lower Part of it, which is to go down into the Gre- 
nado, {hall be bored with feveral Holes which fhall be filled with Meal 
Powder. This done; fix it in the Grenado in fuch manner that the 
lower End of it may reft upon the Bottom of the Shell, and fecure it as 
we faid before ; then fill the Grenado with good Corn Powder, which 
you are to do by a little Hole on one Side of it, which fhall afterwards 
be ftopped up with a little Wooden Pin or Spile which muft be very 
forcibly driven in. The Head of the Fuze fhall be crowned or adorned 
with Sprigs of frefh and green Box, which fhall be tied with Packthread, 
to keep them faft whilft they are handled. 

When you would put thefe Grenado’s in Pra€tice, take a little End of 
Match, of fuch Size as to be able to flip readily down the Hollow of 
the Fuze, and tye a little Leaden Bullet to the lower Extremity of ir. 
Then light your Match, and as foon as it has acquired a good Coal, put 
jt into the Fuze with its Bullet downwards, and throw the Grenado 
where you think fit; and be affured, that as foon as it ftrikes againft the 
Ground, the Leaden Bullet and its Match will fall down in the Fuze, 
and by lighting the Mea/ Powder in the Side Holes of it, will fire the 
Grenado and {plit it into a thoufand Pieces. The Sprigs of Box are not 
defigned fo much for Ornament as Ufe in this cafe ; for they ferve to 
keep the Vent of the Grenado upwards, or in a Vertical Pofition whilft 
it isin the Air, fo that falling upon its Bottom, it may fhake down the 
Leaden Bullet, and confequently the Match with it: This Contrivance 
may likewife be of Ufe to other Bodies which are to fall down upon 
Horizontal Planes. 

This Grenado is moft frequently armed with Leaden Bullets; that is, 
the Outfide of it is covered with them, that it may do the greater Exe- 
cution. In order to do this, you mutt firft coat the Grenado with melt- 
ed Wax which muft have a certain Quantity of Colopkone mixed with 
it; into which you may fink as many Mufquet Balls as you pleafe whilft 
it is cooling: Then wrap the Whole up in a Cloth, and bind it well 
round with Packthread. 

4 SORT 
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SORT III 


In Figure 111, I give you the Reprefentation of a Hand-GrenadoFig. 111. 
(though it may be of a larger Size if you will) which may be privately 
hid at the Entrance of any Avenue, or in any narrow Paffage, through 
which you expect the Enemy tocome. This Grenado has two Holes 
Diametrically oppofite to each other; through which paffes a Wooden 
or Metal Fuze, pierced all round with Holes, primed and falted over 
with Meal Powder; through this Fuze you draw a piece of common: 
Match lighted at one End: The Vertex of this Grenado has a Third 
Hole (or Vent) where you fill the Cavity of it with Corn Powder, which 
being afterwards firmly ftopped up with a Tompion, your Grenado will 
be prepared. I believe I need not teach you the Ufe of this, which 
you may eafily gather from the Figure itfelf, and which upon occafion 
Neceflity may fuggeft to you. 


COROLLARY. 
How to Throw or Delwer Hand-Grenado’s. 


AFTER our Definition and Defcription of thefe Grenado’s, we need 
not tell you that they are grafped and thrown by Hand, at fuch 
times as the Enemy is within the reach of your Strength: Nor need we 
tell you that they are both Offenfive and Defenfive rms, which thofe 
who know nothing of the matter, may learn from fuch as have been 
prefent at Szeges: We fhall only add, that Hland-Grenado’s are very 
much.ufed after the happy Succefs of a Mine, which has made a Breach 
in fome Rampart, thrown down a Wall, or blown up a Baftion; it is 
then that they are ufed to clear the Way in mounting the Breach : It is 
upon fuch occafions, that you fee the moft generous and brave of 
each Side, armed with Fire and Flame, valiantly maintaining the 
Caufe of their Prince, the Intereft of their Country, their Liberties and 
their Lives. Or when the Befiegers have got to the Foot of a Rampart, 
and are obftinately bent upon infulting it, and infenfibly {cale it; (being 
covered by the Rampart itfelf from the Defences of the Flanks :) It is 
then that the Befieged are to fhower down Grenado’s upon the Enemy, 
and of which the Befiegers are to make the belt returns they can, to 
procure themfelves a free and fafe Paflage; as was not long fince feen at 
the Siege of Hulf#, which was taken by the Hollanders. But it is impof- 
fible to enumerate the feveral particular Ufes of Hand-Grenado’s in the 
Occurrences of War, and efpecially when both Armies are fo near as to 
be almoft at Handy-cufis with each other. It it fometimes neceffary to 
lii throw 
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throw them at great diftances; but here I mean one after another: I 
fhall hereafter fhew how to throw feveral together, which being a Work 
unequal to the bare Strength of a Soldier, the Mafters of this rt have 
invented little convenient Machines for that Purpofe ; the beft Sort of 
which I reprefent in Fig. 112, after having made fome neceflary Addi- 
tions to it. With this Machine you may not only throw Hand-Grenade’s, 
but feveral other Sorts of Military Fire-Works, fuch as Light Balls, 
Bombs, Fire-pots, Fire-heops, Garlands, and Crowns, and feveral other 
fuch like things, which we hall fpeak of in their proper Places. 

There is nothing difficule in the Conftruction of this Machine, and it 
may be eafily comprehended by the Figure itfelf : I fhall only add, that 
fo much the longer that Arm of it is, which is made in the Form of a 
Ladle {into which the Grenado is to be put) than the other Arm to 
which the String is faftened, fo much the more powerful will it be. 
You muft here underftand their Length to be meafured from the Center 
of the Iron Spindle, upon which they turn, to one and the other Ex- 
tremity of the Arms; and in this they imitate a Balance. 

Boxbormius alfo mentions, in the above-quoted Place, a certain new in- 
vented Machine, made like one of our Mortars, and well fortified with 
Iron Rings, with which they fhot Hand-Grenado’s into Breda during 
the Sege. And it is not long fince we faw at the Szege of Hult, and 
fince then at Murpfey, which is a pretty ftrong Place, a like Machine 
conftruGted by a bold Exgh/h Soldier, who prefented it to Frederic 
Henry Prince of Orange, of immortal Memory; of whom this Enghjb- 
qian demanded 100 Dutch Florins for the Trouble he fhould take, and 
the Danger he fhould incur in throwing his Grenado’s: In fhort, he 
obtained his Demand, and began to play his Machine; but to fay the 
‘Truth, he did it fo aukwardly, and with fo little Judgment, that the 
greateft part of his Grenado’s either did not reach the Place they were 
defigned for, or broke in the Air; which was attributed to the Defect 
and Imperfection of the Engine, together with the Ignorance of the En- 
gineer who wanted Skill to govern it. 

We fhall, in the Second Part of our Work, give you a Treatife upon 
Mortars, in which we thall take occafion to fpeak of a little Machine of 
our Contrivance, more perfect and artificial than this, for projecting 
Hand-Grenado's, or greater Shells if you will, and to throw them juft 
where you pleafe: But that for which it is as ufeful as admirable, 
is its being able to throw feveral at once, as for inftance 7 at a time, 
or one after another according as the Exigence of Affairs requires ; to 
which I for the prefent refer the Reader who is fo curious as to want 
the Conftruction of it. 

But upon the whole I cannot help admiring at the rigorous Sentence, 
which the firft Inventors of our Art pafied upon the Warlike Ma- 
chines of the Ancients, as if guilty of fome notorious Crime, for which 
they refolved entirely to banifh chem from the Modern Arts of War; 

and 
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and to carry their Contempt of them {fo far, as to burn them ignomi- 
nioufly in their Kitchens, that there might aot remain any Footfteps of 
them ; conceiving perhaps that their Succeflors, convinced of their In- 
nocence, might one time or other recal them from Banifament, if 
they were not utterly deftroyed. And indeed if the Writings of {0 
many great Men their Contemporaries, who had feen their wonder- 
ful Effects, did not bear witnefs of the great Services they did, whilt 
they were in their greateft Splendor and moft venerable Majefty, 
we fhould never have known any thing relating to their Conftruction. 
An ungrateful Return fure they meet with, for their great and migh- 
ty Performances! Muft Contempt be the Reward of their illuftrious 
Executions, by means of which Rome became Miftrefs of the World, 
and triumphed over Nations and Kings till then Invincible? No: 
it would be in vain to dwell upon this Subje&; they have fuffered 
great Injuftice, and ftill continue to fuffer it, and are now not even 
admitted into the moft inferior Clafs of the Servants of Mars and 
Bellona, but are totally rejected, and condemned to an inglorious In- 
activity; and are fo far funk in Point of Reputation, that whofoever 
offers any thing in Favour of them, is fneered at by a Pack of ignorant 
Fellows, who openly fcoff at the great Exploits they formerly did, and 
look upon them as Romances and old Women’s Tales. 

But to what purpofe do I wafte my Time in defending the Caufe of 
thofe injured Inventions? Lipfus, the greateft and beft Judge that ever 
was of the Ancient and Modern Arts of War, has fufficiently pleaded in 
their Behalf; to whom we are infinitely obliged for the Trouble he 
has been at in tracing out the Ufes and Services of them: It is from 
him that we have collected fo rich a Store of what concerns the won- 
derful Machines of the Ancients, and which we fhall dwell upon whea 
we come to compare them with ours. My fole Defign at prefent is to 
evince, that all the Sorts of Grenado’s, and the other Pyrobolical Inven- 
tions in prefent Ufe (which might be projected by the Sings, and -+ Fun< 
dibali of the Ancients but not by the Baile) may be flung very conve- 
niently to very great Diftances. 

Firft then; I beg of you to liften to what I am going to fay of the 
furprizing Strength and admirable Effects of Sings, which indeed are fo 
very great, that when I firft read and confidered them, I was perfectly 
tranfported. Ovid fpeaks fomewhere of them to this Purpofe. 


Non fecus exarfit, quam cum Balearica Plumbum 
Funda jacit, volat illud & incandefeit eundo 
Et quos non habuit, fub nubibus invenit Ignes. 


In Englifh thus: 


It burns, as when from Balearic Thong, 
The pond’rous Lead with nervous Force is flung ; 


} Thefe were a kind of Slings, . 
Which 
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Which flies and whiftles through the airy Height ; 
And glows with raging Heat contracted in its Flight. 


By this ic appears, that in his Time they ufed the Sling for Leaden 
Balls, which were perhaps filled with Combuftible Matter, fince he fays 
that they took Fire in their Flight, and acquired a Flame in the Air by 
their violent Motion. Lucan {ays as much: 


Inde faces, & faxa volant, fpatioque folute 
Aéris, & calido liquefatta pondere glandes. 


In Engh/b thus : 


There Fiery Darts, and rocky Fragments fly ; 
And melting Bullets whiftle thro’ the Sky. 


All thefe Fire-Brands or Darts, Flying Stones, Melted Bullets; which 
he here fpeaks of, were the true Fire-Works of his Time, which they 
fhot at the Enemy with S/ings, or fome fuch Contrivance. 

I thall pafs over feveral other Authors, the Teftimony of whom is col- 
lected by * Lipfus to prove what he fays of Slings. But I cannot omit 
what + Seneca fays in his Natural Queftions, Motion (fays he) rarifies the 
Air, and that extreme Rarefattion generates Heat: Thus a Bullet pro- 
jetted from a Sling is melted by the Attrition of the Air as much as it 
would. have been by Fire. Does not this appear very ftrange? Surely if 
we had not the Teftimony of fo many great Men, we fhould at once 
look upon thefe as Romantic Fables. ‘Fo/eph Quercetan {eems to think 


| them Fabulous ‘in his Book of the Carbine, where he difputes againft 


{| Ariftotle; who fays, That the Darts and Favelins were fo heated by the 
Fridtion or Attrition of the Air, that they were bot enough to melt Lead. 
This, Quercetan flatly denies ; inafmuch as Experience teaches the con- 
trary, by thewing that-Mu/quet Balls, &c. which are projected by Fire, 
and that with greater Violence (thefe are his Words) than any Arrow or 
Dart:can be thot, are not heated to that degree. Let us now examine 
into the Weights, Sizes, and Qualities of thefe Bodies; and at the fame 
time we thall fee‘how far the ancient S/ings could throw them; which is 
partly the’End and Aim of this Effay. 

Diodorus Siculus {peaking of the Inhabitants of the |||] Balearic Iflands, 
fays, tt Fhat they were the moft dextrous People in the World at flinging 
great Stones. ‘The fame.Author fays elfewhere of thefe Iflanders, That 
they had acquired fuch a Perfection in the Exercife of the Sling, that they 
could caft great Stones with fuch Strength and Violence that they feemed 


* Lipfius Lib, V. Dial, feu Coll, XX, de Mil. Rom, t Sen. Cap, LVI. 
{| Arift, de Coelo, Cap, VII. ill] Thefe are now called Majorca and Minorca, 
tt Diod, Sic, Lib. VI. 

rather 
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rather to be foot from + Catapulta, /o great and violent was the Blow 
they gave! which broke Shield, Helmet, and every other kind of Armour, 
though never fo well tempered. An uncertain Author in Suidas, fays of 
the fame People, That they flung Stones of the Weight of a Mina: By 
which he means an Attic Mina, which weighed 100 Drams, as we have 
faid elfewhere; but Ce/ar calls them Libral or Pound Slings. So much 
for the Weight of the Stones they ufed to fling; which, according to 
what we have faid above, agrees pretty well with the Weight of our 
Hand-Grenado's. We are told alfo that befides Stones, They ufed 
to fling Leaden Balls at their Enemies, without the Affiftance of any 
Engines but their Funde or Slings ; which we cannot compare 
with any thing more properly than with our Grenado’s. An uncer- 
tain Author in Suidas fays, That the { Cadurci were reckoned the beft 
Slingers ; and that they could caft Stones and Leaden Balls to that Nicety 
‘as never to mifs their Aim. ‘They had farthermore a way of flinging 
Pots full of Fire, into the Places they Befieged’ when they were near 
enough to do it, or had got Poffeffion of the Outworks: But I cannot 
avoid thinking that thefe Fire Pots were heavier. than our Grenado’s. 
Appianus in his Lébic. fays, That the Romans bad raifed high Terraffes 
oppofite to thofe Towers ; from whence they threw a great Number of lighted 
‘Torches and Fire-Brands, together with Veffels full of Sulphur and Pitch. 
And Dion. in Lib. XX. fpeaking of the Time when the Romans befieged 
the Capitol, which their Slaves had poffeffed themfelves of, fays, That 
there were Thofe who flung Veflels full of Bitumen and boiling Pitch from 
the Houfes in the Neighbourhood of the Capitol. However this was, we 
muft believe it fince they fay it: But all thefe things were only fo many 
Forethoughts of our Hand-Grenado’s. You will find ftill fomething far- 
ther to this Purpofe in || Fulius Cafar’s Commentaries, where he {ays, 
That agreat Wind rifing, the Gauls began to fling upon our Cabbins and 
Huts (which were only thatched with Straw after the Fafbion of the Coun- 
try) bot Balls which were made of a fufible Earth; and at the fame time 
frowered a vaft number of very bot Javelins upon us. But Lipfus is of 
Opinion, that this ought to be rendered Earthen Veffels filled with melted 
or boiling Matter. Orofius {peaking alfo on the fame Subject, fays, That 
they took red-hot Pots or Earthen Heads, and threw them at their Ene- 
mies. 

It was thus that the Romans and the moft Warlike Nations their Con- 
temporaries ufed the Sig, as well in attacking their Enemies as de- 
fending themfelves. If you would know in what great Efteem they 
were held within the Memory of our Fathers amongft our Northern 
Neighbours, even fince the Invention of Gun-powder ; confult Olaus the 
great Archbifhop of Up/z/, who was one of the moft learned Writers 


J Thefe were Warlike Engines to fhoot Darts or Stones, 
$ The ancient Inhabitants of Gwienne in France were formerly fo called, 
I] Jul. Cel Com, .VIL 
Kkk thac 
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that ever lived in the North; and who fpeaks in thefe Terms: + Tée 

Aquilonians, or Northern People, when they defign to befieze fome Town, or 

attack a Camp, have certain flexible Chains, or a kind of Links and Foints 

of Iron made faft to Sticks or Staves, which they prefer to all other dr ms, 

particularly when the Country is fiony. But in fuch Places where they can 

get no Stones nor Pebbles (which feldom happens in thofe Parts) they fling 

pieces of red-hot Iron, which they put into the Purfes of their Slings with 

Pincers. You always fee them with a certain Veffel in their Hands made like 

@ Roman Barrel, full.of Crufts and Pieces of Iron, which being heated red- 

bot, and flung at the Enemy, they make fo ftrange and dangerous a Wound, 

that whoever bas the Misfortune of being firuck by them, muft hope for no 
Help from any Phyfician or Surgeon, And the reafon why this Irox 
wounds fo dangeroufly and irrecoverably (obferve this) is because of its 
Weight and the Aduftion it caufes in the Part. The Remembrance of an 
Event like this, is fitll frefo in the Perfon of Chriftiern the Wd King of 
Denmark, who loft a mighty Army in the Year 1521, at the City and 
Camp of Arofen, 4y means of fuch contrived Arms. For bere they did the 
fame with burning Darts, which being taken with Iron Pincers from 
the Fire, and put upon Ballifte (for they promifcuoufly ufed the an- 
Client and modern Machines together) they were fhot from them, and 
wounded the more incurably, according to their degree of Heat, which 
made it fometimes impofible to draw them out with the Hand: But what 
was the moft difaftrous and dreadful; thefe burning Darts and Pieces of 
red-hot Iron, falling upon their Gun-powder it was inflantly fired, and 
went off with a deafning Clap, and burned and fifled all the circumadja- 

cent Soldiers; and what fill added to their Misfortune, was the Incurfions 
and Outrage of the Mountaineers, (a Savage Brutal Race bred in Subter- 
raneous Caverns and Mixes) who overwhelmed them with Darts, Stones, 
and Pieces of hot Iron, which they foowered upon them with their Slings. I 
faw (fays he) 250 Italian Miles from thence, feveral that were brought by 

Sea to Stockholm ; @ moft terrible Sight to behold! fome were without No- 
Jes, others had loft their Eyes, thefe their Arms, and thofe their Legs: In 
fhort, their Wounds being incurable, the Germans, Scots and Danes. ix 

particular, died in the utmoft Mifery. 

Let us now have done with the Size, Weight, and Quality of the Bo- 
dies that were ufually thrown from the Slings of the Ancients: And indeed 
I believe I have faid enough on this Subject for you to draw fome Con- 
jecture of the Diftance they could carry, as well as of their Certicude 
of hitting what they aimed at. But t Vegetius {peaks very plainly of 
this Matter, when he fays, Ibat the Archers and Slingers fet up a fimall 
Fagot, or Bundle of Straw for a Mark, from which they retired to the di- 
ftance of 600 Foot, and hardly ever miffed it with the Arrows they fhot, or 
the Stones they flung. We read alfo in Holy Writ, || That among the In- 


f Olaus Lib, VII, Cap, VIL, + Veget, Lib, HW; Cap. XXIII. |] Judges Chap. XX. ver, 16. 
habitants 
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habitants of Gibeah tdere were foven hundred chofen Men Jeft-banded, eve- 
ryone of whom could fleng Stones at an bair's-breadth and not mis. The 
Roman Surveyors had moreover a certain Meafure which they affigned 
to Fields and Grounds, which anfwered to the Caft of a Sling; from 
whence they called a Farm with all the Tillage belonging to it, Fuz- 
dus, (which the French at this Day call Fonds; ) whofe Breadth and 
Length was a Sling Caft. Thofe who know any thing of this Meafure, 
affirm that ic was 600 Foot. We find fomething to this Purpofe in Qun- 
tlian in Socul. in thefe Words. 


Fundum Varro vocat, quent pofim mittere Funda 
Ni tamen exciderit qua cava funda patet. 


But to what Purpofe fhould we dwell any longer upon the Power and 
Properties of the Sig? Let us now try whether or no, we can, ac- 
cording to the Rules of Modern drchitecfure, conveniently fling Grena- 
do's from our Lines of Approach into the Enemy’s Intrenchments. Firft 
then it isa general Rule amongft our MGhtary Architetts or Engineers, 
to begin their Lines of Approach at the diftance of 60 Rods from the 
Place Befieged; if the Situation of it will not permit to break Ground 
nearer without Danger. This Diftance is equal to the Level Range of 
Bodies projected from Sigs; for it is thus that you muft underftand 
what Vegetius {ays above. of the Exercife of the Roman Soldiers; which 
alfo is taken Notice of by feveral other Writers: And it is likewife with us 
the Practice of our Mufqueteers, to exercife themfelves at a Mark fet up 
at about the Height of a Man, from whence they retire 200 or 300 Pa- 
ces, to acquire a Certainty in their Aim, and to familiarize the thing to 
them, when they come to engage with the Enemy Face to Face, But 
as this Method of aiming is quite different from the Projection of our 
Hand-Grenado’s, the former being Parallel to the Horizon, and the latter 
in a Curve, in which the Body falls into the Enemy’s Works, we mutt 
find fome other way of doing it. 

Now it is very evident from the Obfervations on the Shots of our 
great Guns, @&c. that the Line of Shot which the French call, de m- 
veau, and the Italians, de porto ix bianco, and We, point blank, is the 
Tenth Part or thereabouts of the utmaft Random, at an Elevation of 
45 Deg. 

It is farther certain, that all Projectiles obferve one conftanc Proporti- 
on: Therefore if any one takes his Aim, to fling an Hand-Grenado af- 
ter having fwung it a few times round his Head; and endeavours to 
throw it at the diftance of 6000 Foot, or 600 Rods, which is ten times 
as far as the Spot where you begin your Lines of Approach is from the 
Place befieged (provided always that it does not exceed 60 Toi/és or 
Rods, or 600 Foot) I do not ia the leaft doube that it would fall within 
the Enemy's Walls; for all Thos who ufe the Sling, or throw any thing 
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with the Arm only, are naturally led to project it in an Angle of 
45 Deg. or thereabouts. But fuppofe they were to be thrown to the di- 
ftance of 30 or 40 Toi/es only ; who will deny that it may be very 
conveniently done by Slings? Provided they are always ordered and di- 
rected in the fame manner as our Mortar-Pieces, when we would fhoot 
Bomb, great Grenado’s, and other Pyrobolical Balls from them to little 
Diftances; that is, you muft allow them the fame Elevation; which is 
a Dexterity and Knack that might be eafily acquired, partly by a pre- 
vious Knowledge in Gunnery, and partly by continual Praétice; for it 
was doubtlefs by Ufe and Cuftom that thofe Foreign Nations attained 
fuch Skill in handling the Sing, as enabled them to do fuch mighty Ex- 
ploits, and to perform fuch terrible Execution with it as they did. 

I muft confefs, this is a Point which requires fome Prolixity in the 
treating of it, but becaufe I do not think this a proper Place for fuch a 
Difcourfe I thall proceed farther on: And in the mean time only ob- 
ferve in what manner, the Sigs being loaded with a Hand-Grenado, 
the Slingers may fo contrive as to project them from the Trenches into 
the midft of their Enemies. In order to this; lodge your Slingers up- 
on the moft advanced part of the Lines, in fome Place where they may 
be in Safety, and under the Covert of a good Parapet; as for Example, 
in fome Redoubt whofe diftance from the Top of the Gabions on the 
Enemy's Parapet hall be 500 Foot. Now that we may not feem to be 
too hard upon our Soldiers, whofe Arms are not yet formed to this Exer- 
cife, and that they may not think we would impofe Impoffibilities on 
them, we will fuppofe that our Hand-Grenado’s cannot be thrown to a 
greater Diftance than 100 Foot ; therefore (according to what we faid 
above) if they be projected at an Angle of 45 Deg. they muft defcribe a 
Curve of 1000 Foot: But as a Diftance of 500 Foot requires that the 
Arm of the Slinger fhould deliver the Grenado at an Angle of 10 Deg. 
(or 5 of a Quadrant) beginning from the Center of the Arm that flings ; 
therefore-if the Slinger ftands upon the Spot which terminates the Di- 
ftance of the Place as aforefaid, at 15 Foot from the Parapet of the 
Lines of Approach, and if from that fame Point there be a Stake 
planted whofe Height exceeds the meafure of the Slinger from the Sole 
of his Foot to the Center of his Arm by 2 Foot 8 Inches, and whofe 
Pofition is perpendicular and directly oppofite to the place where you 
fend your Grenado’s (or elfe they will go wide of your Aim,) and if the 
Slinger remains fixed in that Point, and after having fired the Fuze of 
his Grenado in the Purfe of his Sling, he gives it one Turn only, and 
then throws it towards the befieged Place, in fuch a manner that the 
Grenado (every time he delivers one) almoft touches the Top of the faid 
Stake, and if he has always the End of it for a Mark, he will never 
fail of fending his Grenado’s to the Place they are defigned for ; provided 
they are of equal Weight, and that their Fuzes are fo ordered, as not to 
fire them before they are arrived at the intended Length, Now the 
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Fire of your Fuze will never go out if you fill ic with one of the Com- 
poftions that we have given above, which I can venture to aflure you of, 
having often ufed them with Succefs for the Fuzes of great Shells that 
are thot from Mortars, whofe Motion you may believe is none of the 


flowett. 
REMARK I 


By what we have faid of the Stake driven perpendicularly into the 
Earth, you are to underftand that the Height of 2 Foot 8 Inches, over 
and above the Height of the Man from the Sole of the Foot to the 
Center of the Arm, is a Perpendicular in a reétangled Triangle, whofe 
Bafe is 15 Foot: The Angle intercepted between the Bafe, which be- 
gins in the Center of the Arm of the Shnger, and the Hypothenufe, 
which is the Hand that is lifted up with the Sling, is exactly 10 Deg. 
to which Angle, the Perpendicular beforementioned is direétly parallel 
or oppofite. The farther the Singer removes from the Perch or Stake, 
the longer will the Perpendicular be; and on the contrary, the nearer 
he approaches to it the fhorter. What I have here faid, is by way of 
Example only, inafmuch as Bafes of various Lengths require different 


Perpendiculars. 
REMARK I. 


You muft meafure the Diftance between the S/inger and the Tops 
of the Gabions on the Enemy’s Ramparts in fuch manner that there 
may be a Space of 15 Foot moreor lefs between himand the Parapet of the 
Lines of Approach, which Bafe fhall be terminated by the Stake above- 
mentioned ;_ left meafuring the Diftance from the Inner Height of your 
Parapet, you be obliged to expofe yourfelf to evident Danger, by plant- 
ing the faid Stake on the other fide of your Gabions: But this may on 
the other hand be done within the Befieged Place. 


REMARK IM. 


The Strings or Reins of your Skngs may be of Lengths futable to 
the Diftances of Places, according to the Prattice of the ancient Inha~ 
bitants of the Balearic Iflands, who knew very well how to lengthen 
and fhorten their Sings as occafion required, if we may believe + Fio- 
rus, who tells us, Upon Warlike Occafons they ufe three Sorts of Slings, /o 
that it is no wonder they are fuch good Mark’s-Men, efpecially when we 
confider they bave no other Arms, and are trained up to the Sling from the 
Cradle; and to harden them, it is the Cuftom of the Mother never to give 
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ber Child any Viétuals till foe fhews it him with a good Blow. But let us 
hear what Strado fays of thefe Ilanders; They carry three Slings twiffed 
about their Heads, the Reins of one of which are very long for great Di- 

frances; of the other very fhort, for finall Diftances; and of the third of amid- 
dling Size between the two former, for middling Diftances. Diodorus would 
have them wear the Shorteft round the Head, the Longeft like a Girdle 
round the Middle, and ¢arry the Middling one in their Hands. 


REMARK IV. 


Nothing can be more convenient or certain for throwing Hand-Gre- 
nado’s than the Sling ; for we have often obferved, that when they are thot 
from Machines like Mortars, they are apt to break before they are pro- 
jected, to the great Damage of the Machine, and Danger of the Perfons 
who play it. If on the other Side they are delivered from the Hand on. 
ty, what Difafters are not thofe liable to who are obliged todo it; befides 
thofe to which they are already expofed? The feveral Sieges of our Time 
have all furnifhed us with difmal Inftances of the Ruin and Death of 
many a brave Fellow, to whom this Iron Fruit was more fatal, than 
hurtful to their Enemies: In good Truth, if my Mafter was here 
who taught me the firft Rudiments of this Nob/e Art, he would be ve- 
ry ready to back what I have here offered, and (I dare fay) would tell 
you, thatif ic had been the Cuftom in his Time to throw Grenado’s 
with a Siing, he had never loft his Right Hand. Befides the Shing, I 
approve very much of certain little Machines not very unlike the Be- 
hifi of the Ancients; fuch as we have already defcribed; therefore I 
fhall curforily touch upon them. 

We {hall in the following Chapter treat of the great Grenado’s that 
are ufually projetted frorn Mortars; but I muft by the way take Notice 
that they may be very conveniently fhot from the Baie of the An- 
cients. I fhall in Book I. Chap. I. of the Second Part of our Artil- 
dery dwell upon the Power and Effects of thofe Machines, where I thall 
confirm what I fay with the Teftimony of feveral good Authors; 
and give you the Profils and Scenographical Figures of them, moft 
curioufly and exactly drawn, and occafionally explain how the An- 
cients were wont to conftruct them. Be fatisfied at prefent with 
what { Fofepbus tells us of the incredible Power and Strength of 
the Bakfa, m his Account of the Deftruction of Yerujalem; where 
he faith, That every Stone was of a Talent Weight; and did Execu- 
tion not only at Hand, but to the Top of the Walls and Ramparts, though 
it were at a Furlong difance; and where it fell it carried a whole File 
before it. And + Diodorus; Demetrius placed in his * Helepolis fe- 
veral Machines, the greateft of which carried Stones of three Talents. 
Atkeneus alfo {peaking of King Hiero’s Ship which was built after a 


$ Jofeph. Lib. VII. t,Diod. Sicul, Lib, XX. * This nearly anfwered to what we 
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Model contrived by Archimedes, relates, + That in this Ship they erected 
a Platform or Battery, from whence with their Engines they fhot Stones of 
three Talents Weight, and at the fame time a Spear or Favelin of 12 Cu- 
bits in Length, to the Diftance of a Furlong. This is very wonderful, and 
almoft incredible; but I fear I begin to tire you with this Subje@ ; and 
indeed, I think, I have here faid enough, to inform you of the Weights 
and Diftances which the Bakfle formerly carried, and to fhew that the 
Things fhot from them were very near equal to our greateft Grenado’s 
or Bombs, and if I had affirmed them to have been much larger and 
heavier, I believe I fhould not have exceeded the Boungs of Truth, 
We fhall take a proper Opportunity of treating at large on the Ufes 
and Conveniencies of thefe Machines, where we fhall make it appear, 
that it would be very proper to introduce them into Modern Practice 
with our other Engines. 


CHAP. IL. 


Of Bombs and Grenado’s that are ufually projetted from 
Mortar-Pieces, 


IF we confider the greater Sort of Grenado’s in point of Form, we 

fhall find them to be of two Kinds, (vzz.) Round, and Spheroidi- 
cal; which laft we commonly call Bombs. Though Boxhornius, in his 
Hiftory of the Siege of Breda, calls thofe alfo Bombs that are of a Sphe- 
rical Form; for he mentions them in thefe Terms, after having de- 
{cribed the Hand-Grenado’s. Bombs of the largeft Sizes that were one or 
two Foot Diameter did the fame Execution, They were shot into the Air 
from Engines, and fell upon the Places they were defigned for. But if I 
am not miftaken, he here confounds the Grenado’s with the Bombs ; for 
he in another Place fays as much of Grenado’s as he does here of 
Bombs, (viz.) They were obliged to ereét Batteries at various Di/lances 
from the Counterfcarps; according as the Exigence of Affairs required, 
either to cover their People, or ftop the Sallies of the Enemy, to ruin their 
Machines, demolifh their Batteries, and difmount their Cannon. That up- 
on the Batteries they erected, they mounted more or lefs Artillery with fome 
of thofe Machines (meaning Mortars) from whence they fbot Grenado’s, 
which burned and threw down every thing within their Reach. (He then 
diftinguifhes thefe from the Hand-Grenado’s, by faying) That the lighter 
and leffer Sorts were thrown by the Soldiers. Asan Hiftorian, I do not dif- 
approve of what he here fays; (the true Knowledge of thefe Matters be- 
ing referved for Pyrobols/ts;) I fhall only obferve that moft Pyrotechni- 
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cians call thofe Balls that are Hollow and Spherical, Grenado’s; and 
that thofe which are Longifh and Oval, they call Bombs. 

Fig. 113. You have thefe round Grenado’s reprefehted in Fig. 113, and the long 

Fig. 114.0nes in Fag. 114. 

To thefe two we have added a Third of a Cylindrical Form, which 

Fig. t1s. you have in Fag. 115; it has a firm Tompion beneath, which fetves to 
prefs down and confine the Powder in the Chamber of the Mortar, in 
the fame manner as the Tompions which are commonly ufed on thofe 
Occafions do. It is not long fince thefe Grenado’s were put in Execution; 
for fome of .thofe who were prefent at the memorable Siege of Rochelle, 
in the Years 1627 and 1628, by Lous XIII. King of France and Na- 
varre, have related to us the ftrange Havoc they made, and how 
greatly they annoyed the Befieged : All which was afcribed to the great 
Knowledge and Skill of the worthy Henry Clarmer of Noremberg ; to 
whom no Body can deny one of the firft Palms, defervedly beftowed on 
the Heroic Warriours, who wrought fuch Wonders at that remarkable 
Siege, without doing the leaft Injuftice to the Merits of Pomponius Tar- 
gon, who was at that time chief Engineer to his moft Chriftian Ma- 
jetty. 

But there have been fome odd-turned Spirits, who have had Impu- 
dence enough to rob thofe great Men of the Honour they atchieved in 
the Conduét of fo long and fo laborious a Siege, and who have endea- 
voured (urged by an unaccountable Envy) to afcribe to themfelves what 
was due to thofe illuftrious Perfons ; and they have fo far gained 
their Point, as to infinuate a good Opinion of themfelves into the Cre~- 
dulous and Ignorant, who efteem them to be in Reality what they only 
are in Appearance: But a time will come when they will receive a Cha- 
ftifement adequate to their Unworthinefs; for Divine Juftice leaves no 
Crime unpunithed, and will certainly take Vengeance of them for their 
fraudulent Dealing ; in fo ungeneroufly afluming that to themfelves, 
which had been purchafed by others at fo dear a Rate. Bue let us re- 
turn to our Subject, and confider after what manner we are to propor- 
tion, prepare, and ufe the two Firft Sorts of Grenado’s. 

There are thofe who allow the Thicknefs of Metal, for Iron Grena- 
do's and Bombs, +, 3, or 4s of their Diameters. The Vent ought to be 
3, as well for thefe as Hand-Grenado’s. Near the Vent they have two 
Ears or little Handles, by which they are lifted into the Mortar. 

The Fuze of the faid Grenado thall be % of its Diameter in Length, 
though fome Pyrobolifts allow it but § only. Its Diameter at Top thall 
be } or 3, but beneath it fhall be but ¢ only. The Depth of the Con- 
cavity in the Fuze thall be + of the fame Diameter, as ufual; you 

Fig. 116. have this Fuze reprefented in Fig. 116. But the whole Myftery is to 
know of what Dimenfions to bore the Fuzes; for there is a certain li- 
mited Time, at the Period of which the Grenado 1s to perform its Ef- 
fect, according to the Diftances of Places, and according to which the 
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Mortar is elevated to different Degrees of the Quadrant. It is more- 
over neceflary to know with what Compofition the Fuze ought to be 
filled upon different Occafions, that the Shell may not break till it is ve- 
ry near the Ground. But as this is an improper Place to dwell upon 
thefe Particulars, which bear an immediate Relation to the Artificial 
Conftruiion and Ufe of our Warlike Machines, 1 thall referve what I 
have to fay of them for the Second Book of the Second Part of our Ar- 
tillery, where I fhall in the moft ample manner difplay the Conftruction 
of Mortar-Pieces, their Properties, and particular Ufes: Agd if it be the 
Will of Heaven, I thall produce fufficient Arguments in Behalf of eve- 
ry thing I lay down, and fhall make it my utmoft endeavour by no 
means to deceive our diligent Pyrobolift : But let us proceed to the Se- 
quel of this Effay. 

Thefe Fuzes fhall be re-inforced without, with dried Sinews, fpread 
out like ‘Tow, then fteeped in hot Glue; and within them you shall 
ftick fome Threads of Quick-Match here and there, for fear the Fuze 
fhould unluckily’go out, by the Violence of the Wind or Air during the 
Flight of the Bom: In fhort, the Fuze being filled with a futable Com- 
pofition (fuch as we gave in the foregoing Chapter) you thall drive it into 
the Vent of the Grenado or Bomb, which mutt be filled with good Corn 
Powder, in the fame manner as we direéted in reference to Hand-Gre- 
nado’s. 

Obferve here, that you muft never ufe a Shell till you have tried whe- 
ther it be found and whole, which you may know by the following 
Proof: Bury your Shell under burning Coals to make it red-hot ; and 
having acquired that degree of Heat, take it from under the Fire, and 
pour coid Water into it before it is cooled, and ftop up the Vent, to 
prevent the Water from getting out; then inftantly anoint the whole 
Convexity of the Shell with Butter of Antimony, or with Soap moi- 
ftened with a little hot Water ; if it is cracked or defective in any Parts 
you will fee little Bubbles, or Blifters, rife, fall, and difappear by turns. 
If you perceive any thing of this Nature upon the Surface of your Shell, 
I would have you throw it afide if you have any better, as both ufelefs 
and dangerous: But if the Situation of your Affairs obliges you to ufe 
fuch, for want of better; you fhall take particular Notice of the Cracks 
or Flaws if they are vifible, and if not, you fhall remark thofe Places 
where you faw the Blifters rife; or if they are little Holes that are con- 
fpicuous, you may ftop them with Steel Nails. This done, coat your 
Shells over with Tar or Fitch, or fome of our Pyrotechnic Cement,and then 
cover them well with Tow iteeped in the fame Stuff, the Compofition of 
which we gave in the above Chapter. Finally, wrap them tightly round 
with a ftrong Cloth. You muft exaétly obferve thefe Particulars with- 
out omitting the leaft thing tn the World; for fear the Grenado fhould 
mect with any Accident from the Fire of the Fuze during its Flight. 
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You may find the Requifite of Powder for proje€ting your Grena- 
do’s, by what I am now going to fay: But firft of all it will be neceffary 
for me to tell you, how to come at the Weight of a Grenado, purely 
by the Affiftance of an Arithmetical Calculation, and by means of our 
Calibre Scale, which is the moft ready Step towards finding expedi- 
tioufly and certainly the Quantity of Powder requifite to fhoot out your 
Grenado, This you may work after the following manner. 

Take the Diameter of a Grenado, and apply it to that Side of the 
Calibre Scale which is defigned for Iron Bullets; and confequently one 
Foot of the Compafies will fall upon a Number, anfwering to the 
Weight of the Grenado if it was folid. Set down this Number upon a 
piece of Paper, or at leaft take care to remember it. Then take the Dia- 
meter of the Cavity of the fame Grezado, and applying it in like man- 
ner to the Calibre Scale, one Foot of the Compafies will point out a 
Number expreffing the Weight of that Cavity if it had been folid, and 
of Iron. Then fubftraé this laft Number from the firft, and the Re- 
mainder will give you the Weight of the Shell of the Grenada. 

If you fhould meet with a Diameter which extends beyond the Length 
of the Calibre Scale, you thal] apply the Half of it only to the faid 
Scale, and the Number it reaches to being multiplied by 8, the Pro- 
duét will give you the Weight of the whole Grezado had it been Solid. 
As for Example ; be there given the Diameter of a Grenado that cannot 
be meafured by the Extent of the Calbre Scale; the Half of which be- 
ing applied to the faid Scale reaches to 18: This Number being multi- 
plied by 8 will produce 144, which would be the Weight of the Gre- 
nado had it been folid: Then taking half the Diameter of the Hollow 
or Cavity of it, and applying it to the Cakbre Scale, fuppofe it to ex- 
tend to 7: Let this Number be in like manner multiplied by 8, and ic 
will produce 56. In fhort, this laft Number being fubftracted from 
144, you will have a Remainder of 88, for the Weight of the Shell of 
your Grenado or Bomb. 

You will find the Quantity of Powder neceffary to fill your Grenado, 
if you meafure the Cavity of it with a certain Line or Scale of Powder, 
Stereometrically divided into Pounds and Ounces, fuch as you fee diftin- 

Fig. 117. guifhed by A in F7g. 117; upon which the Number which falls under 
the Foot of your Compafies, will exprefs the Number of Pounds or Oun- 
ces of Powder which the Cavity of the Grenado is able to contain ; add 
now this Weight of Powder, to the Remainder of the laft Subftraction, 
which gave the Weight of the Shell, and you will have the whole 
Weight of the Grenado when filled with Powder. I will now inftru& 
you in the Conftruction of this Scale. Fill fome perfectly round Gre- 
nado with Corn Powder up to the Vent, then pour it out again, and 
weighing it, fet down what it weighs. Then meafure the Cavity of 
the faid Grenado, and divide the Diameter of it Stereometrically into as 


many Parts as the Powder contains Pounds or Ounces: This you may 
readily 
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readily do by obferving the Rules in our Firft Book; and upon fich.a 
Scale you may mark out the Diameters of feveral Pounds, or Ounces:of a 
Pound, or half Ounces if needful. 

But if you fhould-not have Grenado’s juft at hand, whereby to forni 
this Scale, get an hollow Wooden Cylinder of what Size you pleafe 
équal in Height and Breadth, and filling ‘it -with Core Powder, pour it 
out again, and weigh it. Now as every Cylinder that contains a Sphere 
is ina Se/gutalteral Proportion to it, according to Archimedes: Therefore 
muft you fay as 3 is to 2, fo is the Weight of the Powder contained in 
the Cylinder, to the Weight of that which would be held by a Sphere, 
included in the fame Cylinder. This done; you will"haye a Number in 
your Quotient anfwering to the Weight of 2 Glode of Powder, fuppofing 
the Diameter of fuch a Globe to be equal to the Height and Breadth of 
the Cylinder. This may be done by any Body, that is never fo little 
skilled in Geometry. 

Sometimes Pyrobolifts, by way of Diverfion or Experiment, fill Grena- 
do's with Sand, thereby to come the more eafily at their true Weight + 
Which done, they put them into Mortars, and taking their Sight at 
Marks at certain Diftances ; they fhoot them off, and obferve their Falls: 
Upon which Account it is neceflary to know the Proportion which the 
Weight of Sand bears to that of Powder. Fer my part, I have often 
experimented that very Fine, White, Dry Sand, bears fuch Proportion 
to fine Corn Piftol-Powder as 144 does to 83, Upon this Foundetion 
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I have formed another Scale which you fee diftinguifhed by B for Fig. 117. 


Globes of Sand, By this Line you may know how many Pounds of Sand 
would fill each Grenado, But if you would take only juft fo much Sand 
as is equal in Weight to the Powder which fills the Grenado (in which 
Pyrobolifis are very exact) you muft find out the Quantity required by 
means of the proportional Numbers above: But that Ra/éo will not al- 
ways obtain; for the Weight both of Powder and of Sand may be infi= 
nitely varied ; for as the Ingredients of Gun-powder are mixed a thoufand 
ways, you may readily fuppofe that it differs much in Weight; and on 
the other hand, the feveral forts of Sand are infinitely unequal in point 
of Gravity: But thofe who are defirous of being perfect in our Art, 
will have the Patience to examine the Gravity of different Sorts of Sand. 
Having thewn you the way how to come at the Weight of Grenado’s 
filled both with Powder and Sand (as I propofed) without the help of 
any weighing Inftrument; I thall advance farther on. 

Now this Weight being found, it will be very eafy to find the Requi- 
fite of Powder for charging your Mortar. But to fay the Truth, this 


is a Point which cannot well be determined ; for Pyrobolifs change and . 


vary it very often, as Occafion requires; being obliged fometimes to take 
more, fometimes lefs Powder, according to the Diftances of Places. Moft 
commonly they take half an Ounce of Powder for every Pound that the 
Grenado weighs; and in fome Cafes they take but a Quarter of an 


Ounce, 
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Ounce, and at other times but ; of an Ounce, and fometimes lefs, parti- 
cularly when they would project their Grenado’s fo as not to be above 
4 or 6 Seconds at moft before they fall at perhaps the Diftance of 10 or 
316 Paces, and in their Projection borrow more upon a ftrait Line than a 
Curve. This is ufually done when the Befieged fee the Enemy pre- 
paring to make their Galleries, or perceive them obftinately bent upon 
paffing the Fofé, by any other means, in order to gain the Foot of the 
Rampart ; it is then that the Ufe of Mortars, Grenado’s and Bombs is 
not forgot. I muft own however, that the fame thing may be done with 
a greater Quantity of Powder; but then it would be attended with this 
Inconveniency (namely) That the Grenado being projected with the 
greater Violence, it would be obliged to go through a greater Space, 
and confequently remaining longer in the Air, it would give thofe who 
fee it, time to get out of the Danger of it before it can fall. I muft al- 
fo remark, that you may throw Grenado’s, Bombs, &c. at feveral Di- 
ftances with one and the fame Quantity of Powder; by means of the E- 
levation of the Piece above the Plane of the Horizon, and alfo by the 
Declination of it from the Vertical Point or Zenith to an Angle of 45 
Degrees, which Pofition is the moft natural to Mortars. This may 
not be an improper Hint; for I am really of Opinion, it would be 
by much the beft and moft certain (were it not for fome infur- 
mountable Difficulties and Circumftances which oppofe it ) to take cer- 
tain Quantities of Powder in proportion to each Diftance; by which 
means the Machines being elevated but a few Degrees above the Hor7- 
zon, would always have their Pofition very low, which would be never, 
or very feldom changed. However as this cannot be eafily practifed, or 
indeed not at all, for every Diftance; yet methinks I would have the 
great Machines, whofe Elevations borrow the neareft upon the Vertical 
Point, and which are ufually chofen for the fhorteft Diftances, deprived 
of a little of their ufual Requifite of Powder, and in Recompence for 
that Lofs, inclined a little more to the Horizon. 

But not to ftop here, and that we may conclude upon fomething cer- 
tain with regard to the Requifitce of Powder; I have eftablifhed and 
afcertained a Quantity, that may generally {peaking diflodge the Mzh- 
tary Projectiles, be their Weight what it will : In order to this, I have 
conftructed a little Zable of Reguifites (which we fhall dwell more parti- 
cularly upon in the Second Part of our Artillery) which I hope may be 
fuccefsfully put in Practice. I fay it will be fufficient if for Balls or 
Bombs of great Weight, as 300 1b or more, (if there are any fuch,) you 
take half an Ounce of Powder for every Pound. This Proportion may be 
obferved for Projectiles down to 100 ib: But from 100 ib to one Tf, 
you fhall increafe every Quintary that is every Fifth Number with 15 
Grains ; fo that you may have 588 Grains of Powder, which are 2 Loths 
and 12 Grains, to proje& a Ball of one tb. Upon this Foundation I have 
calculated a little Zad/e of Proportion, from 100 Tb down to one ip. 

There 
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There is nothing that can be more plain or eafy than the Ufe of it; for 
you need only multiply the Numbers of the Column B by the Num- 
bers of the Column A, and divide the Products by 288 in order to have 
the Requifite Number of Loths ; (for a Loth contains juft that Number 
of Grains ;) which Number of Loths being divided by 32, you will have 
the Pounds: But that you may have a perfect Apprehenfion of this, I 
fhall illuftrate it by an Example. Suppofe you have a Ball of 80 ib 
which you would projeét: Look firft for 80 in Column A; and having 
found it, multiply ic by the oppofite Number in Column B (wz.) by 
348, and you will have a Product of 27840, which will be the Number 
of Grains of Powder ; which being divided by 288, will give 96 Loths 
8 Den. in the Quotient ; each Denier 24 Grains. In fhort, thefe Loths 
being divided by 32, will give 3 If. You muft then take 3 ib and 8 
Deniers of Powder to charge the Chamber of the Mortar, from which 
you would project a Body weighing 80 It. 

The following Tad/e will help you in the Difficulties which may oc- 
cur in this Cafe; provided that you have a right Conception of this Ex- 
ample. 


4A Taste of Requifites of Gun-Powder. 
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OBSERVATION IL 


To every Number between the Quintaries of this Taé/e, you thall 
fucceffively add 3 Grains for every Pound. This done, multiply the 
Sum of that Addition by the Weight of the Projecéile. As for Ex- 
ample, if you meet with one that weighs 82 tb, you will find it lefs by 
3 than 85, the fuperior Quintary of the Table ; 3; having then added g 
(which is 3 for each Pound) to 333, you will have 342 ; this 342 being 
multiplied by the Weight of the Projed#ile which is 82, the Product 
will be 28044; which being divided by 288, you will have 97 Loths, 
4. Deniers and §, 


OBSERVATION IL 


The Rule here laid down for the Projectiles which are fhot from 
Mortars ought to be followed as univerfal and immutable: But at the 
fame time Allowance muft be made for the different Strength of Pow- 
der; inafmuch as one Ounce of fome fort of Powder will do twice, nay, 
ten times the Service as an equal Quantity of fome other Sorts; and 
confequently one Ounce of the former will be as ftrong as 10 Ounces of 
the latter. But I leave this Article to the Confideration and Judgment 
of good Practitioners ; and fhall go on to the loading of our Mortars. 

Suppofe now, you have the Requifite of Powder for projecting a Gre~ 
nado from a Mortar: You fhall in the next place meafure the Height 
and Breadth of the Chamber by means of a Cylindric Scale, or rather a 
Cylindro-metric Scale, divided Cubically, and adjufted to the Weight of 

Fig. 117. Gun-powder, {uch as you fee in Fig. 117 in the Letter C. Now if it 
happens that your Chamber is equal in Height and Breadth, you may 
conclude that it holds as many Pounds of Powder, as the Number it 
cuts upon your Sca/e contains Unities: But if on the contrary its Height 
and Breadth are different, you muft find out a mean Proportional be- 
tween them, which may give you the true Capacity of the Chamber, 
If thefe Numbers fhould happen to be Surds, you may find out a mean. 
Proportional between them by Lines much better than by Numbers. 

If the Chamber of your Mortar is bigger than neceffary ; firft put 
your Powder into the Chamber, and meafure the Vacancy of it above 
the Powder: Divide this into 6 equal Parts, and add ; to its Height; 
and you will have the true Height of a Wooden Tompion ; by which 
the Powder in the Chamber will be fufficiently compreffled, fo that the 
Flath will have no room to expand itfelf, and will confequently a& with 
its full expulfive Vigour: Buc if on the contrary the Chamber of your 
Mortar is too little to hold the Requifite of Powder ; divide the Height 
of it-into ro equal and fill ic up with Powder to js, and ram ic 
with a Tompion of j.. And in this Cafe the Rule we have given above 
can be of no Uie. 

You 
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You muft proceed after this manner when it happens that your Pow- 
der fills your Chamber fo exactly as to leave no room for a Tompion ; 
but you will be better inftructed in every thing relating to this matter 
by the Sequel. 

The Wooden + Tompions for corifining the Powder in the Chambers 
of Mortars are prepared after different Fafhions; for if you would fix 
your Grenado in {uch a Pofture as to have its Fuze turned outwards to- 
wards the Muzzle of the Mortar, and if you would project it by one 
Fire only, your Tompion fhould be fluted like a Pillar, as you may ob- 


23h 


ferve in Fig. 118 by the Letter A; or pierced through with Holes at'ig. 113. 


Top which terminate in a large one at Bottom, as may be obferved in 
B. I muft here remark, that it is by much the fafeft Way, to project 
your Grenado’s by means of one Fire only; in doing of which you are 
to obferve the following Order. 

After having loaded your Chamber with the Requifite of Powder, 
and driven the Tompion upon it, fo as in no degree to furmount the 
Edge or Rim of the Chamber ; you fhall fill up “the Holes in the faid 
Tompion, or the Flutings round it, with good Meal Powder, and {alt it 
over with a good handful of the fame; then wrap up your Grenado in 
a Felt, or a coarfe Woollen Cloth, well foakéed in {trong Brandy, mixed 
with Meal Powder; this Coat or Covering fhall be open at Bottom, of 
the fame Breadth as the Orifice of the Chamber. This done; fix your 
Grenado in the Mortar in fuch manner as to bear upon the Tompion, 

The Fuze thall be well garnifhed round, with fome of our loofe Quick 
Match; and the whole Body of the Grenado fhall be well falted over 
with Meal Powder, to facilitate the Accenfion of the Fuze. 

This is the firft Way of projecting Grenado’s from Mortars with one 
Fire only. The Second does not differ much from it, excepting that it 
is much the more dangerous of the two ; for here the Fuze is turned 
inwards upon the Chamber ; and in this ete you muft have a Tompion 
with an Hole in thé Middle of it, and divided into 4 équal Parts by 
means of two Diameters interfecting each other at Right Angles, as you 
fee in Fig. 118 by the Letter C. However I would by no means have 
this practifed for ordinary Grenado's : But I would have them ordered as 


you fee in Fig. 119, where the Vent and Bottom are turned into Fe- Fig. tig. 


male Screws, which fhall have an Iron Fuze with a Screw at Top and 
Bottom to be inferted into them, as may be feen in A: Buc I muft tell 
you that thefe Screws cannot be too nicely fitted to each other. 

If you would rather chufe to project your Grenado by means of two 
Fires, you fhall have a folid Tompion. This Tompion being driven 
into the Chamber, you hall cover it with a frefh green Gazon or Turf, 
or fomething of that kind, which fhall be covered with a round Board 
of 2 or 3 Inches thick, but a little fefs in Diameter than the Calibre of 


+ Thefe Tompions are found to be ulelets, 
the 
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the Mortar (fee Letter D.) To conclude, you fhall fix your Grenado up- 
on it with its Fuze turned outwards, and cover it with a Gezou; after 
having ftuffed the Vacancy between the Sée// and the: Azortar ail round 
with Hay, Straw, Tow, or Mold, to keep the Shell fixed and firm. 

Fig. 120. This laft Method is very particularly reprefented in Fig. 120, to which 
I refer you, if you do not apprehend my Explanation. 


COROLLARY. 


To tell you now who firft invented, or who firft practifed this 
deftru€tive Contrivance, which has been promifcuoufly the Ruin of 
fuch Numbers of Men, and the Overthrow of fo many of the moft 
beautiful Buildings, moft magnificent Cities, and ftrongeft Walls and 
Fortifications in the World, is a Task unequal to my Knowledge; for 
we do not find the leaft Mention made of the Perfon in any iliftory. In- 
decd in feveral reputable Authors we have an Account of the Tirmes and 
Places, when and where this infernal Inveazion was firft put in Pra- 
tice; the Teftimony of whom I fhall here infert, notwithftanding that 
they differ pretty much from one another. But as to the Inventor him- 
felf, we do not find the leaft Mention made of him; which I cannot 
help being furprized at, fince it feems to be a very great Injuftice to 
Pofterity to conceal the Name of fo great an Engineer from ic, In 
truth, I know not what to fay or think of fuch a Procedure, and 
fhould be glad to know whether ic was thro’ Chance or premeditated 
Defign, that the Writers of thofe Times have left us in the dark as to 
this Matter: But every one may judge of it as he pleafes, for my part, 
I can only here entertain fuch as are wholly Strangers to the Hiftory of 
this Invention, with what can be gathered from the Teftimony of feve- 
ral Authors. Thuanus fays, 

+ All the Stratagems of the Duke of Parma before Bergen op Zoom 
proving tneffeltual, and defpairing to carry it, and confidering that the 
Seafon was very far advanced, and that the Low Country was almoff over- 
flowed ; and finding that the Garrifons of the Ifland of Tretole, by their 
continual Excurfions and Depredations, made Provifions very fcarce and 
dear in his Army, he refolved to raife the Siege, and fend his People into 
Winter Quarters, and accordingly be diftributed fome of bis Troops in Tu- 
renhalt, Rofendal, and the Country of { Campen, and font the reft to join 
the Troops which were under the Command of Prince Erneft Mansfelt af 
the Siege of Bon, to block up Watchtendonck, which is an ancient Town 
of the || Sicambrians, fituated upon the Niers not far from the City of 
Gueldres. This was done, at the earneft Entreaty of the Inhabitants 
of Ruremond, who begged to be delivered from-the troublefome Excur- 


{ Thu, Lib, LAXXIX. Pag, 263. A.D. 1588. $ This is now moft commonly called Zutphen, 
|] The People ut Gelceriand were anciently fo called, and the Country irfelf was cailed +1- 
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jfions of the Robbers (it was thus they called the Soldiers of the neighbouring 
Garrifans.) Towards the end then of October the Place was invefted, un- 
der the Conduét and Command of the aforefaid Mansfelt. The Prancers 
advanced and raifed Batteries of Gazons or Sodds, upon which they mount- 
ed their Cannon, which played upon the Town till they threw down the Roofs of 
the Houjes, and all the lofty Buildings in it. But they did not only (fays he) 
ruin them with their Cannon, but they alfo galled them with Grenado’s and 
Balls filled with combuftible Matter, which they fhot among them with cer- 
tain Engines, fo that the poor People could hardly find Safety any where, 
from the borid Tempeft which was fhowered down upon them. He adds, 
That thefe Balls were made hard by, at a fmall Town called Venlo; and 
that the Inventor of them, refoluing to make Proof of bis Work, at the Ce- 
lebration of a Feftival defigned for the Entertainment of William the 
young Prince of Cleves, he bad no fooner fet Fire to them, than they had 
an Effect quite contrary to what be intended; for the Town was fired by 
them, and was very near half deftroyed. A melancholly Diverfion ! 

This Author has hitherto pretty well informed us of the Place where 
our Miflive Thunder was invented, and of the Time it was firft put 
in Execution. But another Writer, who equally deferves our Credit, 
(namely) Reidanus, who has left us the Hiftory of the Low-Country 
Wears in Latin, feems to be of a quite contrary Opinion as to this Point. 
He fpeaks thus: -- Adolphus Nivenarius, Governor of Guelders, re- 
folved to keep up the Scarcity of Provifion as much as he could, and to 
Starve the Inhabitants of Bergen, if pofible. But unhappily as he was 
proving bis Bombs, with which he had determined to deftroy the Enemy's 
Ammunition, be was greatly aftonifbed, to find that upon being fired they blew 
up the Arches and Vaults of the Caftle of Harnem, together with feveral 
other fine Buildings. A brave Officer called Denis, and another Gentle- 
man, perifhed by this Accident: And the Earl himfelf could not efcape the 
Fire, for being cruelly burnt, he died a few Days after. Almoft fuch ano- 
ther Accident happened the Year before, (he means 1587) af Bergen op 
Zoom ; but of a more extraordinary nature. A certain Italian who de- 
JSerted from the Duke of Parma, fled to the Confederates, to whom he pre~ 
tended, that be had an admirable and un-heard of Invention for preparing 
hollow Veffels and Globes of Iron and Stone (fare this was a thing impra- 
ticable, and I believe every Pyrotechnician will think it impoffible to 
contrive fo as to make Stone effeCtual in fuch Works: But he goes on) 
which might be eafily thrown amongft the Enemy; where they would 
do moft terrible Execution by Thoufands of Splinters, which would fly from 
them in burfling, and befides, that the leaft Spark of them would infallibly 
fet fire to whatever they touched. But the Infant that our Grenadier was 
bufied in carrying on bis Project, a Spark of Fire unfortunately fell upon 
the Table where he had prepared bis Compofition ; and as he was going 
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haftily to take it away, the Fire («wkich lofes no time) got hold on bis Hand. 
He, aftonifbed to fee a Glove of Flame upon his Hand, and not knowing 
what to do to get rid of it, clapped his Hand between his Thighs to fiifie tt, 
but far from being fuppreffed it laid hold on his Breeches, and from thence 
penetrated to his Thighs: In a Word, bis Hand was inflantly ftript of both 
Skin and Flefh. Vinegar proved ineffectual, and inflead of extinguifbing 
rather increafed the Flame; to conclude, the Fire /preading over the reft 
of his Limbs, the unhappy Man expired in lefs than three Days, after bav- 
ing fuffered the moft fevere Pains without Intermiffion or Relief. 

To the Teftimony of thefe two grave Authors, I fhall add that of a 
Third, whofe Fidelity is unqueftionable, I mean Famianus Strada, who 
{peaking of the Low-Country Wars, writes to this Effect, + There was 
nothing which more aftonifbed the Enemy (he here means the Attack of 
Mansfelt at Wachtendonck) than certain great Brafs Globes hollow within, 
which were filled with Powder and Sulphur, and other inextinguifhable 
Things; which were foot from great Mortars, with little ~ Ropes in a@ 
fmall Hole, which by their Weight, and Violence of their Fall, threw down 
the greateft part of the Buildings; and what is the moft frange of all, when 
they were lighted their Flame caught hold on every thing within its reach, 
with fuch Obftinacy that no Water could extinguifh it. Thefe Globes, which 
gave the firft Hint to the Inventicn of Grenado’s, Fire-Pots, and _fuch like 
Infiruments of Death, were invented (as we are told) by a Man at Venlo a 
hittle before the Siege of Wachtendonck ; though he happened to be the De- 
Srruction of biscwn Town: For upon a Day that the Inhabitants of Venlo 
made an Entertainment for the Duke of Cleves, this confummate Artift mak- 
ing Experiment of bis new Invention to divert that Prince, fhot off one of 
them, which falling upon a large Building, broke down through it from 
Top to Bottom, and fetting it in a Blaze, the Fire ran over all the Neigh- 
bourhood, fo that in a very little time two Thirds of the Town were laid in 
Ajbes. I know a certain Author (he means Reidanus) who in bis Hiftory 
relates fomething of this Kind to have happened a Month or two before at 
Bergen op Zoom, ¢o az Italian Deferter, who was going to make an Ex- 
periment of ove of thefe Balls. This Renegade promifed the Confederate 
States to make certain hollow Veflels or Globes of Iron or Stone, which be- 
ing kindled, and thrown into befeged Places, fhould fet Fire to whatever 
they could reach; after having broke into a thoufand pieces. But by a frange 
Milhap, a Spark of Fire fell upon the Compofition be hed prepared for 
thefe Globes, and the Flame of it caught bold on him in fo frightful a manner, 
that fpreading all over him from one Limb to another, be died moft mifera- 
bly, after Laving undergone the moft exquifite Tornent ; and left it doubt- 

ful, whetier or no he would have come up to what ke promifed. But 
however that might be, it appeared that thofe Ventovian Engines an- 
en ree 


~ Fam. Stra. Lib. X, Decad, HH. $ This feems pretty obfcure; but perhaps inftead of 
Fuzes, they ftuck fume fort of Match in the Vents of their Grezado’s or Geile . 
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jfuered very well to the Purpofes of Mansfelt ; for with them be commit- 
ted fuch mercilefi Ravages, demolifbed fo many fine Buildings, and killed 
fuch vaft Numbers of People in the Places he befieged, that the Inhabitants 
could hardly find Skelter from the Tempeft, which continually purfied them 
where-ever they went, though they retired to Cellars and the moft fubterra- 
neous Retreats. The Burgeffes of the Town at length confidering that this 
Storm of Iron and Fire, threw them into the utmoft Confufion, and percetv- 
ing that it demolifbed all thetr Habitations, and that they fhould infenfibly 
loje their Country, refolued to go in a Body to Lanttcir their Gover- 
nour, to befeech him to take fome Meafures towards the Prefervation of 
their Lives and Fortunes, and to defire him to reflect ferioufly upon ther 
unhappy State. Upon the whole, they alledged that they were utterly de- 
Htroyed by degrees; that they had but few Buildings left flanding ; and ad- 
ded, that if the Enemy continued to ply them with their Grenado’s, it 
would be impofible for them to fubfift, or make any farther Refiftance, ex- 
cept they built a new Watchtendonck under Ground, as they had already 
begun. 

"I muft confefs that what I have quoted from this Author, is a 
litde foreign to the Point in hand: But he has expreffed himfelf 
in fo moving a manner of this dreadful Contrivance, that I could 
not help tranfcribing of him at length. It is from hence that the skil- 
ful Pyrebolif? may draw Conclufions in favour of thefe Weapons; it is 
from hence that he may perceive the Neceffity there is for them in the 
Attacks of Places in our Times; in fhort, it is from hence that he may 
judge of their great Utility to the Befiegers, by compelling the Befieged 
to a {peedy Capitulation, by expediting the Surrender of Towns and Ci- 
ties, and diftreffing thofe that are the moft obftinately bent upon de- 
fending themfelves. 

Here I fhould clofe up this Coro/ary, as knowing that what I have 
quoted from thefe famous Hiftorians has fully anfwered my Intention, 
which was to give an Account of the Origin of our Grenado’s. But 
fince in this Work I aét the part of a Pyrobolift, 1 think myfelf obliged 
to clear up every thing that may be obfcure in relation to the Praétice of 
our rt, for the Benefit and Inftruction of thofe who particularly ap- 
ply themfelves to the Cultivation of it. Let us then look back to what 
we quoted from Famianus Strada, where he has feemingly defcribed the 
Form, the Properties and Effects of our Grenado’s ; and let us ask him 
what he means by the Fire-Pots, Grenado’s, &c. which according to 
him derive their Origin from the hollow Globes he {peaks of, fince his 
Defcription of them agrees fo nearly with that fort of Arms which are 
now in Ufe with us. If he anfwers, that they were a fort of Balls, 
which in his Time were called Bombs; (which Word I know is promif- 
cuoufly ufed to this Day) I fhall reply, that the Word Grenado would 
have fuited better with them, as being a more general Term. If on 
the other hand he alledges, that the little ones, which we call Grenado’s, 
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are Defcendants of thofe great Balls; his Affertion will in fome degree 
be falfely grounded ; for I fufficiently demonftrated in the foregoing 
Chapter, that the ancient Pyrodelifis were acquainted with the {mall 
Grenado’s, confiderably before they knew any thing of the Great. 
Thofe who have the leifure, may upon this Subject confule Leonardus 
Fronfpergerus in the Second Part of his Military Art; which he dedi- 
cated to Redolphus II, who was at that time newly eleéted King of Hun- 
gary, and who was afterwards Emperor of the Romans in the Year of 
our Redemption 1573. But though I fhould grant that the leffer fort 
of Grenado’s were unknown to paft Times till after the Invention of the 
Greater, and that it was from Experience of the Nature of the Latter, 
that Men took it into their Heads to ufe the Former; yet I fhall never 
allow that the Military + Olle or Fire-Pots are pofterior to the hollow 
Globes which he fpeaks of, as he would have us believe. But very 
far to the contrary, I dare affirm that our Grenado’s are derived from 
the Fire-Pots; and I make no f{cruple to fay, that the Olle of the An- 
cients were the Lightning which preceded our Modern Thunder; and 
this I may fafely advance, fince I have the Teftimony of feveral great 
Authors, who lived in unfpotted Credit and Reputation amongft the 
Ancients, to fupport me in it; from whom we may gather, that the moft 
expert Captains in former Days met with very fuccefsful Effects in their 
Sieges and Attacks from Fire-Pots not very unlike ours. We have elfe- 
where touched upon this, and therefore fhall defift frem it at prefent, 
referving it till we come more particularly to {peak of Fire-Pots. In the 
mean time (dear Reader) let what we have offered be kindly received by 
you; and affure yourfelf, that Artificial Pots are of very old ftanding, 
and that they are fo far from deriving their Origin from Grenado’s or 
Bombs, that it is more reafonable to believe quite the reverfe. Pray 
hearken to what Sextus ‘fulius Frontinus fays of the Fire-Pots of the 
Ancients,  Cneus Scipio, 7a a Sea Fight found out a way of throwing 
| Veffels full of Pitch and Pine-wood at the Enemy’s Fleet, which 
were as dangerous in their Fall, becaufe of their Weight, as they were 
burtful on the fcore of the Igneous Nature of the Matter they contained 
which was {pread abroad from them. Dionyfius {peaking of the Fireworks 
which were ufed at the Battel of Aétium, between Auguffus Cafar and 
Mare Antony, oblerves, * That Czxfar perceiving his Soldiers very roughly 
handled by Marc Antony’s Party, who cut them in pieces with their Axes 
and Swords, and galled them terribly with their miffive Weapons, from the 
Advantage they bad of being in taller and better-fortified Ships: He had 
recourfe to Fire, as the beft Remedy he could apply to the prevatling Evil: 
In foort, bis Soldiers gathered round him, and began to throw Fire-Darts, 


T This is only a Latin Word which fignifies a Pot of any fort, 

t Sex, Jul, Fron, Lib. 1V. Cap. VII. 

|| The Latin has it Amphoras; but we muft here conclude that Frontinus thereby means any 
fort of Veffels in general. * Dion. Lib, L. de Bel, AG, 
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Brands and Torches, together with Pots full of Pitch and burning Coals 
at the Antonians, which fo annoyed them in their Ships (though they 
took care to keep as far out of Danger as they could) that the Cwfareans got 
the better of them. Thus what the Force of their Arms could not obtain, 
they effected by Fire, and thus by means of that Element they triumphed over 
their Adverfaries. 

I could bring feveral other Authors to bear witnefs in Favour of the 
Fire-Pots of the Ancients: But I apprehend that thefe two will be fuffi- 
cient to convince you of their Antiquity. Let us then proceed to the 
Conftruction of feveral other Sorts of Grenado’s. 


CHAP. UL 
Of Grenado’s that are commonly called Blind. 


P YROTECHNICIANS have certain Grenado’s which ftand 
in no Neceflity of being lighted when they are projected, from 
whence they are called Bind, which is a common Term amongft them, 
for fuch Grenado’s and other Balls as ftand in no need of being fired at 
the time of their Projection: But as foon as thefe ftrike the Ground, or 
fall upon any hard Subftance, they have the fame Effect as other Gre- 
nado’s. Fig, 121 reprefents one of thefe Grenado’s, in which the Letter Fig. 121. 
A is the Grenado, hollow and pierced through and through, and 
which has on one Side another {mall Hole, for the fame purpofe as thofe 
in the other Grenado’s which we have defcribed above. 

Letter B in the fame Figure points out a Barrel or Tube, made of an 
Iron Plate, whofe Sides are full of Holes, and its Infide made rough like 
a File. This Barrel receives two Flints which are {crewed tight in 
Contrivances like the Cock of a Gun-lock, which are foldered to a fub- 
ftantial Iron Rod, as may be feen in C. Firft then, this Barrel muft be 
fixed in the Shell; its upper End paffing through the Vertex or Top of 
the Grenado where it is {crewed faft with a little {quare Plate of the 
Thicknefs of 2 or 3 Lines only, as you fee in G. The lower end of the 
Barrel which receives the Flints fhall reft upon a round Plate with an 
Hole in the Middle of it, as you fee in E, to keep it fixed in its Pofi- 
tion. Now the Iron Rod that has the Cocks of the Flints foldered to 
the upper End of it, fhall have its lower Extremity turned into a Screw, 
to fit a female Screw in the Middle of a large round Iron Plate, as you 
fee in D, which ferves for a Foot to the Grenado and all its Furniture, 
and upon which it falls when it comes to the Ground. 

The Letter H thews you a fingle moveable Cock with its Flint, rea- 
dy to ftrike Fire, and mounted upon a Steel, which may ferve as well as 
the two former. 

Ppp If 
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If you would fee this Grenado as it is compounded of all its Parts 
when fet together, caft your Eye upon Letter K, where you will fee it 
juft as I have defcribed it. You will moreover fee two {mall Tails a- 
bove, to ferve it inftead of Wings, which are made of old pieces of 
Linen, drawn through two fmall Irons, which are faftened to the Rings 
on each Side of the fquare Plate G; the Ufe of them is to make the 
Grenado fall in a perpendicular Direétion upon its Foot or round Plate at 
Bottom. 

Now the Grenado falling in the abovefaid Direction, the Flints in the 
Barrel will by the fuperincumbent Weight of the Grenado be violently 
forced upwards, and confequently rubbing impetuoufly againft the 
rough Infide of the Barrel, will {trike fuch a Fire, as muft accend the 
Gun-powder in the Grenado through the Holes in the Sides of the Barrel, 
by which means it will have the fame Effect as the former. 


CHAP. IV. 
Of Grenado’s that are fhot from large Cannon, 


I Shall now defcribe to you the fourth and laft Sort of Grenadb’s ; 

(namely) thofe which are commonly fhot from great Pieces of Ord- 
nance, to tear down Ramparts and make Breaches, almoft like thofe 
made by ordinary Mines, though indeed not fo large or confiderable. 
Pyroboli/ts have from time to time invented infinite Sorts of thefe, but I 
do not here undertake to treat of them all; I fhall therefore only dwell 
upon the moft ferviceable of them, and fuch as you may truft to, with- 
out any Danger of their failing. 


SORT I. 


Of the numerous Clafs of thefe Grenado’s, we fhall give the firft 
Fig. 122. place to that which we have reprefented in Fig. 122, which (as may be 
feen) is Spheroidical in its Form and hollow within. Its Vent is a Fe- 
male Screw, contrived exactly to receive a Male Screw, which is beneath 
a certain Iron Socket: Into this Socket you fix a round Fuze, (or if you 
will it may be multi-angular) whofe Sides fhall be bored all round with 
a pretty fine red-hot Needle, in an Oblique Manner, or at Acute Angles, 
all which Borings muft Center in the Hollow of the Fuze; by which 
means all their little Orifices will be turned towards the Grenado. All 
thefe, as well as the middle of the Fuze, muft be filled with Meal Pow- 
der ; and the hollow Screw of the Socket which goes into the Grenada, 
fhall be filled with one of thofe ow Compofitions, which have been given 
for the Fuzes of Grenado’s. Upon this Fuze, and the Socket which re- 
ceives 
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ceives it, you muft fix four Wings, or more if needful, made of thin 
Copper or Iron Plates, exactly the Length of the Fuze: As for their 
Breadth, it fhall be fo ordered, that the Breadth of any two of them op- 
pofite to each other being added to the Diameter of the Fuze, they 
may conftitute a Right Line which is equal to the leaft Diameter of the 
Grenado ; and confequently their Breadth muft be equal to the Diameter 
of the Fuze, which on the other hand muft be equal to a + of the 
fhorteft Diameter of the Grenado. 

The Length of the Fuze muft be fo nicely proportioned, that being 
fcrewed into the Grenado, it may be in exa&t Aiguihbrio with it. This 
fiiquilibrium will be eafily found, if you recollect what we faid of 
the fticking of Reckets. In fhort, to conclude with this, you fhall wrap 
the Fuze well up in loofe Quick Match, and falt it over with Meal Pow- 
der, and then put it into your Cannon, 


SORT II. 


239 


In Fig. 123, you have another Sort of Grenado of this fame Species, Fig. 123. 


which muft be prepared after the following manner. You fhall take a 
~ common Grenade, whofe Diameter is a little lefs than the Diameter of 
the Cannon you would project it from. It muft be fixed upon a Wooden 
Cylinder, whofe Top is hollowed out in form of a Concave Hemifphere, 
fo as exadtly to receive one half of the Grengdo; its Bottom mutt be flat, 
but its Head (which we hall mention hereafter) fhall be Conic. You thall 
bore an Hole lengthways through the aforefaid Cylinder, which fhall 
have a Communication with the Vent of the Grenado, and which you 
fhall afterwards fill with Meal Powder. The Length of this Cylinder 
fhall be 2 ; Diameters of the Cannon: Then clap on the aforefaid Coni¢ 
Head, the Diameter of whofe Bafe is equal to that of the Cylinder, and 
which mutt alfo be hollowed out in an Hemifphere to receive the other 
half of the Grenado. In fhort, the Cone and Cylinder fhall be joined 
in the firmeft manner with Pitch and Glue: Whatever relates to this, 
may be eafily apprehended by the Figure. 


SORT IIL 


You have the third Sort of thefe in Fig. 124, the Conftruction of which Fig. 124. 


is very fimple: You need only take a Wooden Cylinder as A, equal to 
the Diameter of the Piece it is to be thot from: Ic is firft hollowed out 
beneath in Form of a Concave Hemifphere, fo as to be able to receive 
half of a Grenado as B, whofe Diameter mutt be a little lefs than the Ca- 
libre of the Piece : The Top of it fhall be bored with feveral Holes, which 
fhall all tend towards the Vent or Fuze of the Grenado; all which thall 
be filled with Meal Powder to fire the Fuze. This done, the Cylinder 
and Grenado thall be well bound together with ftrong Iron Wyre. In 

fhort, 
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fhort, it thall be put into the Cannon with the flat End of the Cylinder 
towards the Powder. 


SORT Iv. 


Fig. 125. In Fig. 125 you have a fourth Sort of the fame Grenado’s, where the 
Letter D points out the Grenado itfelf. C is a Wooden Cylinder of the 
fame Dimenfions with the Third above ; and has in the fame manner a 
Concavity to receive one half of the Grenado. EE is an Hole bored 
through the middle of the Cylinder which correfponds with the Fuze 
of the Grenado, and which fhall be filled with Meal Powder. Bisa 
Paper Cartridge fixed to the Wooden Cylinder, and covered at Top 
with Paper or Wood. This Cartridge holds the Requifite of Powder, 
which is neceflary to diflodge the Grenado, as may be feen by A in the 
fame Figure. 
This does not differ much from the other fort we have already {poken 
Fig. 12.0f, and is the fame which is reprefented in the Cannon in Fig. 127, ex- 
cept that this laft does not appear with its Paper Cartridge; which muft 
be formed upon a Wooden Rowler or Former after the fame manner as 
the Cafes of Rockets. This is filled with Corn Powder as in the fore- 
going Cafe, and as it appears in the Figure. Thefe two Sorts require to 
be charged with great Diligence and Expedition ; and particular Care 
muft be taken that the Powder is not too ftrong, for fear they fhould be 
damaged, from whence unhappy Accidents may enfue, 


SORT V. 


This Way of fhooting Grenado’s from Pieces of Cannon, was not on- 
ly defigned for projecting one at a time (as may be imagined by what we 
have hitherto faid) but likewife for throwing feveral {mall Hand-Grena- 
do’s at once into the Enemy’s Camp, or amongft the Battalions which 
are drawn up in Day of Battel. This you may eafily do, if you fhut 
them up in hollow Wooden Boxes or Cartouches, fuch as you fee in 

Fig. 126. Fig. 126. In the firft place, the Bottom of the Cartouch, A, fhall be 
twice as thick as the Sides, and fhall be re-inforced with an Iron Plate, 
and wrapped round by a ftrong Paper Cartridge; or elfe you may tye a 
little Canvafs Bag full of Corn Powder round it, as you fee inD. The 
Fuze C fhall be either of Wood or Iron, and filled with a flow Compofi- 
tion, by which the Fire is conveyed to the Grenado’s as foon as the Box 
falls amongft the Enemy. 


SORT VI. 


We may fhoot Grenado’s from Cannon without any of the abovemen- 
tioned Additions to them; but they muft in this Cafe be thicker at Bot- 
tom 
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tom than in the reft of their Circumference, as may be feen in Fig, 128. Fig. 128. 
Thefe fhall have Iron Fuzes which fhall not in the leaft degree fur- 
mount or rife above the Convexity of the Grenado, and the lower Ends 
of them fhall be received or let into the Bottom of the Grenado’s, as may 
be feen by Letter A in the fame Figure. This Fuze (which fhall be 
filled with a flow Compofition,) mutt be of the fame Dimenfions as we 
have ordered for the other Sorts of Fuzes; B fhews you a Profil of it. 
The Bottom of this Grenado fhall be turned inwards, or towards the 
Powder in the Gun, and confequently its Fuze muft be directed out- 
wards towards the Muzzle of it. Though the Grenado be fixed in this 
Pofture, you need not fear its being fired before it gets out of the Piece; 
for being agitated by the Flath of the Powder, it muft in its Excurfion 
through the Chafe of the Guz be turned and whirled round feveral 
times before it can reach the Muzzle; therefore it will be impoffible for 
it to mifs taking Fire from the Flafh, which wraps itfelf all round it by 
turns. 


SORT VIL 


Not long fince; in the Reign of Uladiflaus IV. King of Po- 
land and Sweden, His Majefty’s Engineer Major, Frederick Getkant, 
(who for his univerfal Knowledge in the Sczences and great Skill 
in all the Branches of Mechanics, deferves to be called a fecond Archi- 
medes of our Country) contrived a moft certain and infallible Way, for 
projecting Grenado’s from great Guns; to which purpofe he caft a Piece 
of Cannon, which as to Length is not very different from an old fort of 
Gun which the Italians at this Day call Canone petriero incamerato: But 
it differs greatly from this in its Chamber, which is fo proportioned as 
exactly to contain the proper Requifite of Powder. It has moreover 
two Touch-holes, which terminate in the Vent of the Piece; one of 
which defcends obliquely into the Chamber where the Powder is, and 
the other perpendicularly upon the Grenade, by which the Fire is con- 
veyed to light a kind of Quick Match with which the Grenado and its 
Fuze are coated all round ; to the end that whilft the Powder is taking 
Fire, the Grenado may be in a Readinefs to depart, and only wait for 
the Motion which is to be given by the Flafh of the Gum. I have 
taken the Trouble of giving you a Profil of this Gun with its Grenado 
lodged in it, as may be feen in Fig. 129. As to the particular Propor- Fig. 129. 
tions of the feveral Members of this Cannon, I thall refer fpeaking of 
them to the Firft Book of the Second Part of our Artillery, where I 
fhall defcant upon them at large, according to the beft Information I 
could get from that celebrated Mafter of the Mihtary Arts and Sciences. 


Q4qq C O- 
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COROLLARY I. 


Grenado’s of all forts may be applied to very various Ufes in the Con- 
duct of War; many of which. we fhall {pecify in the fubfequent Chap- 
ters. But if you attentively confider that Grenaao reprefented under 
Number 118, by the Letter E, you will find it none of the moft de- 
fpicable. It is firft fhut up in two parallelopiped Timbers, which are 
fecurely bolted and forelocked together fo as to keep the Grenado fixed 
and immoveable: It is then fired and thrown down from fome Emi- 
nence, amongft the Enemy, where it does moft horrid Execution by 
the Splinters of the Wood about it, and its own Iron Splinters. 


COROLLARY IL 


In order to fhoot Grenado’s from Cannon, the Requifite of Powder 
fhall never exceed ¢ of the Weight of the Grevadoand all its Furniture, 
without which it cannot be conveniently projected. 


COROLLARY IIL 


We have obferved that Grenado’s of every fort of Conftruétion, be- 
ing fallen upon any Plane, do (by an inconceivable Myftery of Nature, 
and fome fecret Caufe not hitherto traced out by the Wit of Man) burft 
and fly to pieces in an Angle of 45 Degrees. Whofoever keeps in 
mind this Remark, and the wholefome Advice I now give him, may a- 
void the Danger of all forts of Grenado’s, and make a Jeft of them 
though they be pretty near, if before they burft he has time to lay 
himfelf flat on the fame Plane which they fall upon: This I would 
have no Body forget, when they happen to be in fuch aSituation as not 
only to be oblig’d to fee them, but alfo to take a Share of them, 


COROLLARY IV, 


Thofe who are curious to know the great Things that have been 
performed by Grenado’s in the feveral Wars, fince their Invention, may 
turn over the Commentaries of the Hiftorians who have in our Age 
recorded the Remarkable Tranfactions in the Low-Countries. Thofe 
Gentlemen will tell you (without my giving myfelf the Trouble of do-. 
ing it) that amongft innumerable Means for expediting the Sieges and 
Surrenders of Places, and which contributed the moft to the Progrefs of 
the Arms on each fide, the vaft Expences of which were almoft unequal 
to the entire Revenues of feveral European Kingsand Princes; I fay, 
they will tell you that Grenado’s were always the chief and the frtft 
Thing they had recourfe to; which by the Induftry of skilful Pyrobo- 


lifts 
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iifts (in which, thank God, the Low-Countries are fo fertile, as to afford 
to {pare them to their Neighbours) were fhowered into befieged Places, 
and into the Enemy’s Trenches, which fuch prodigious Devaftation as 
cannot be reflected upon without Horrour. How many Veterans, and 
old Citizens have we living at this day, who count themfelves happy, 
and glory in having been prefent at thofe deftructive Scenes? and feemto 
defpife fuch as have never been, like them, at the Siege of a Breda,a Boij- 
leduc, an Oftend, ora Maeftricht, &c. which they look back upon, and 
defcribe to you with a fecret Satisfaction of having efcaped the Dan- 
ger? 

All thefe will concur with me, and confefs, that the Grenado’s which 
were fent amongft them from the Enemy’s Lines of Approach, not only 
ftruck them with Dread, but alfo urged them to a fpeedier Capitulation 
than they defign’d. And how was it poffible for them to hold out any 
great length of Time? For according to the Idea I have formed to my 
felf, they could {ee nothing on all Sides but dead Bodies ftretched out ; 
People buried under Rubbith; or elfe frightful Wounds; Arms, Legs 
and Heads mafhed to pieces; together with the melancholy Ruins of 
once-magnificent Edifices, promifcuoufly blended in one common De- 
ftruction with the obfcureft private Dwellings ; and all owing to Gre- 
nado’s. Yn fhort, we may believe that.the Calamity was inexpreflible, 
and that the Inhabitants could find no Place of-Refuge where they could 
be in Safety. 

But to corroborate whatI have faid, and to fhew that Ido not defire 
you to pin your Faith upon my Words only, I hall recur to the Tefti- 
mony of two famous Authors who were prefent at the Siege of Bos/le- 
duc and Breda, and who were careful Obfervers of every remarkable Oc- 
currence that happened. Firft then, Daniel Heinfius,in his Hiftory of the 
Seige of Boifleduc, {peaks of Grenado’s in thefe Terms. The Enemy 
were not bebind-hand with us in any refpect, but defended themfelves with 
fuch Bravery, that we could not gain an Inch of Ground upon then, but 
by very great Compulfion, or by their own Will: During this, nothing 
was to be feen but Balls of Fire (by which he means Grenado’s) which 
were fometimes thrown by Hand, and fometimes flung through the Aur by 
Machines, and conveyed Fire and Dread wherever they fell; nothing more 
cruel or frightful was ever feen; and no Word can be more exprefive 
of their fad Effects, than Death itfelf: For whenever they fell upon 
the Ramparts or Houfes, the poor Inhabitants were put into the utmoft 

Confternation,; And almoft as often as our Engineers threw any among/t 
them, we prefently faw Houfebold-goods, Furniture, and Cloaths blown up 
into the Air; and it is not to be doubted but in a long courfe of Time, and 
by frequent Repetitions, fome of them fell into their Arfenals and Maga- 
zines. As for thofe which the Enemy threw amongft us in our Entrench- 
ments and Works, we had Opportunities of avoiding them. 


Boxhornius 


243 


244 


Of the Great Art of Axrtttrry. Book IV, 


Boxhornius {ays fomething to this purpofe concerning Grenado’s, in 
his Hiftory of the Siege of Breda; namely: That three Houjes were de- 
molifbed by one of thofe Fire-Balls which were called Bombs. Grenado’s 
did not fall fhort of them in Execution, from the Danger of which there 
was no efcaping but by a Miracle. 

But I fhall pafs over a great number of Hiftorians, whofe Works are 
filled with Narratives of this kind; and fhall only appeal to the Perfi- 
dious Mufcovites who are ftill living, and alfo to the multitude of Auxi- 
liaries that joined them, when they invefted and took the Fortrefs of 
Smolensko in white Rufia, (which was afterwards retaken from them in 
the Year 1634) to tell us what they know of the ftrange Havock made 
by the Grenado’s, which the Lithuanians threw into their Camp, incef- 
fantly for three Months together. But if they fhould be filent upon 
this Matter, our mighty Prowefs has ftunned them in fuch a manner (if 
I may fo exprefs myfelf) that they will have no more Heart to make 
head againft our Victorious Arms for the future, than if they had been 
thunderftruck. It will be enough if I inform the World that our Py- 
rebolic "Thunder drove them to fuch Extremities, that thofe Barba- 
rians could find no Safety even in the Bowels of the Earth; and that 
though they took Refuge in the moft profound Caverns, yet our Gre- 
nado’s found them out, and did their bufinefs. In fhort; perceiving 
themfelves overwhelmed day after day with frefh Difafters, and being 
quite difpirited, they were obliged to throw themfelves, and all their 
Warlike Apparel and Habiliaments, at the Feet of our Invincible and 
Auguft King the Great Uladiflaus IV, in the moft fuppliant Pofture, 
begging Life and Liberty, that they might have the Satisfaction of end- 
ing their Days in their Native Country, rather than be Food for 
Wolves and Ravens in a ftrange Land. 

But let us now, on the other hand, confefs that there is nothing to pre- 
vent the Befieged from demolifhing the Befiegers Works, by Grenado’s,or 
from putting them into the urmoft Confufion and Diforder; (though indeed 
not to compare, with the Calamities they caufe in inclofed Places) to 
confirm which, I fhall give you no other Example than the famous 
Siege of Offend, which was as Memorable on the {core of its Duration, 
as on account of the many gallant Perfons who there gave the moft con- 
fpicuous Proofs of the moft Heroic Bravery. The famous Annalift 
Paulus Piafecius, Bifhop of Premiflaw, {peaks thus of it in the year 
1601. They began with throwing a vaft many Balls of Fire, by the Af 
fiftance of Machines; fo that the Befieged had no where to fhelter them-~ 
felves; That there was nothing to be feen but Artificial Thunder and 
Lightning, flying backwards and forwards in the Air; and That to his 
Knowledge there were rather more than 50000 thrown into the Town in 
one Month's time, and 20000 from out of it. 

But to what purpofe fhould I dwell longer upon this Subject, fince 
we have ftill frefh in our Minds, Inftances of the famous Sieges carried 

on 
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on lately in Spain, France, Italy, Germany, Poland, and the Low- 
Countries, (which have always been the grand Theater of War, and 
principal School of Mars ;) not to mention particularly the vaft Num- 
bers of Towns, that have been invefted over all Europe ; and have by 
rueful Experience found (as is alfo allowed by the moft expert Judges 
in Military Affairs) that Grenado’s are the Bane of the Befieged, the 
Ruin of Cities, and commonly the Death of moft of the Befiegers ; not~ 
withftanding that it is certainly eafier for the latter to efcape the Danger 
of them, than the former. 


CHAP. V. 


Of + Fire-Balls, which the Latins call Globi Incendiarii or 
Igniti, the Italians Palle di Fuoco, the Germans Ernft and 
Fewer Kugelen, the French Boulet a Feu, the Flemings 
Vyer Ballen, and the Poles Ognifte Kule. 


INCE Fire-Balls are of a much elder Date than our Grenado’s, ic 
may be wondered why they did not take place of them, as being 
the firft in the natural Order of Things: But the fertile Invention of 
our Modern Pyrodolifis fuggefting new Thoughts to them every Day, 
towards the Improvement of the Old, or Contrivance of New Ma- 
chines, and all New Inventions in every 4r¢ being commonly efta- 
blifhed in Prejudice of the Old, as if for being New, they are of 
more intrinfick Worth, and more perfect than the former; Fire-Balls 
feem to have given up their Place, and to have yielded to Grenado’s; 
and are accordingly grown almoft out of Ufe. However, the frequent 
Services they have done rendering it indifputable, that they are in fome 
fort ufeful upon Warlike Occafions; I fhall give you the Method of 
their Conftruction, and fhew you their feveral Forms and Shapes with 
us; and thofe alfo which they had formerly ; together with Reprefen- 
tations of them drawn in the moft curious Manner I am able. But be- 
fore we enter upon a particular Defcription of them, let us examine a 
little into their Form, which will facilitate the making of them. 

The Form then of Fire-Balls may be very various, but the moft 
common is that of a Spheroid, or a Sphere: And in Confideration that 
they muft be made of coarfe Cotton Cloth, or any Cloth more fubftan- 
tial and ftronger, if any fuch is to be had ; you mutt, to expedite your 
Work, have Patterns (which the Germans call Mufter) by which to cut 
out your Cloth, which thall be afterwards fewed up in Oval Bags as a 


t Our Carcaffes are an Improvement upon thefe, 
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Spheroid, or in Round ones as a Sphere; which muft be afterwards filled 
with combuttible Matter, and feveral Pyrobolical Compofitions. 

The Patterns for Spheroidical Bags may be prepared after feveral 
Ways, five of which I thall here communicate to you; and Firft, Take 
the Diameter of the Mortar, from whence you are to project your Fire- 
Baill, and fetting it off upon fome Plane, divide it into 4 equal Parts, as 
may be feen in Fig. 130. Then fixing one Foot of your Compafies at 
the Extremity of the Diameter (viz.) at B; extend the other to} of the 
faid Diameter (viz.) toC; and with that opening defcribe an Arch of a 
Circle D C E; then fhifting your Compaffes to the Point C, with the 
other defcribe another Arch of a Circle D B E, interfecting the Firft 
in the Points D and E; by this means you will have a longifh Figure 
comprehended between the two equal Arches D C E B, which will be 
the Pattern for your Fire-Ball. This done, cut out four Pieces of ftrong 
Cloth, by the faid Pattern, and few them well together, and you will 
have a Bag in the perfect Form of a Spheroid, after it is filled with an 
Artificial Compofition. 

The Second Way of fafhioning Patterns for Fire-Balls is thus: Di- 
vide (as we ordered above) the Diameter of the Mortar into 4 equal 
Parts, as may be feen in Fig. 131. Then extending the Diameter A B 
as far as C, in fuch a Manner that A C may be double of the Diameter 
AB, you fhall divide the Additional Line B C into 4 equal Parts, fo 
that the whole Line A C may be divided into 8 equal Parts: Take then 
4 with the Compafs, and from the Point A which is one of the Extre- 
mities of the Line A C, defcribe an Arch of a Circle towards C; and 
then reciprocally from C defcribe another Arch interfecting the Firft in 
the Points E and ND; and thus you will have another Pattern which will 
be a fixth Part of a Spheroidical Bag. Therefore by this Pattern thall 
you cut out fix pieces of Cloth, and few them ftrongly together to 
make your Bag. 

Under Number 132 you have three different Ways of making thefe 
Patterns; the Firft of which (viz.) A, is done by afluming the Diame- 
ter of the Circle for the Radius of the Arcs. ‘The Second (v#z.) B, by 
the mutual Interfection of two Circles, whofe Diameters are equal to 
the Diameter of the Mortar. In thort, the Third is infcribed within 
the faid Circles. Thefe three different Methods give. Patterns for three 
different Spheraidical Bags, when three Pieces only are fewed together. 

The common Way of forming Patterns for perfectly Round Bags, is 
thus: The Diameter of the Mortar being biffected into two equal Parts, 
defcribe a compleat Circle round it, which you thall quadrifeé into four 
Quadrants, each of which fhall be trifeéted into three equal Arches. This 
done, produce a Right Line; upon which you hall fet off 19 of the 


Fig. 133. Subdivifions of the Quadrants, as may be feen in Fig. 133 under the 


Letter A; where A B is the Diameter of the Circle, and B C the Right 
Line divided into 19 of the abovementioned Parts, each equal to ; of a 
Quadrant 
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Quadrant of the aforefaid Circle. Now if you fix one Foot of your 
Compaffes at the Extremity B, and extending it to the Eleventh Di- 
vifion defcribe an Arch of a Circle; and if you reciprocally defcribe 
another Arch of a Circle interfeGting the Firft in the Points E and D, 
you will have a Pattern for Round Bags: Therefore cutting twelve Pie- 
ces of new Stuff by this Pattern, and fewing them together, you will 
have a Spherical Bag. 

In the fame Figure you have another Method of doing this, under 
the Letter B; which I have taken from Chap. I. of Book III. of Die- 
gus Ufanus’s Artillery; “ Having taken the Diameter of the Mortar, 
“ infcribe it in a Circle, which being divided into Quadrants, by ano- 
“¢ ther Diameter interfecting che firft at Right Angles through the Cen- 
“ ter of it; you fhall from the Extremities of the Chord or Subtenfe of 
“ any one of thofe Quadrants, defcribe two Arches interfecting each 
“ other; and from the Point of their Interfection defcribe a Third Arch; 
“ fo that they may compofe an Aiquilateral Spherical Triangle. This 
“ done, cut out 8 Pieces of Cloth by this Pattern, and few them neat- 
“ ly together, and you will have a Spherical Bag.” If you would now 
fee the manner of fewing thefe Bags, caft your Eye upon Figures 134F 
and 135. 


Compofitions for Fire-Balls. 


Notwithftanding that all the Compofitions we have already given for 
Water-Globes, might ferve for Fire-Balls ; yet becaufe thefe require to 
have them a little more violent, and are to dart forth a very long Flame, 
and vomit out a great Quantity of large Sparks, to the end that fuch as 
would endeavour to ftifle them may not be able to approach near them; 
I fhall touch upon an infallible Way of preparing them, and alfo of try- 
ing them after they are made. 


COMPOSITION 1, 


Take of Meal Powder 10 ib; of Saltpeter 2 1b; of Sulphur one tb3 
and of Colophone one ib. 


COMPOSITION IL 


Take of Meal Powder 6 Ib; of Saltpeter 4 Ib; of Sulphur 2 Ib; of 
coarfe Powder of Gia/s one ib; of Crude Antimony tb fs; of Campbire 
Tb fs; of Sal Armoniac one tb; and of common Salt & iiij. 


COMPOSITION IIL 


Take of Meal Powder 48 ib; of Saltpeter 32 1b; of Sulphur 16 ib; 
of Colophone 4. Ib; of Filings of Iron or Hammer-flaw 2 tb; of the Saw- 
| duit 


ig. 
and 135. 
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duft of Fir or Pine boiled in a Saltpetrous Water and then dried, 2 1b; 
and of Birch Coal one it. 

The Powder fhall be firft reduced to a very fine Meal for all thefe 
Compofitions, and paffed through a very fine Hair Searce: As for the 
other Ingredients, they fhall be but indifferently pulverized ; becaufe if 
they were to be reduced toa very fine Meal, the Compoftion would emit 
but very fmall weak Sparks, and thofe not to any great Length. Or 
on the contrary, by being in pretty large Lumps, one Ingredzent could 
not well incorporate with the reft, but would all burn independant- 
ly of each other, and lofe the Fire before it could have time to in- 
flame the Whole: You muft therefore be very careful in preparing thefe 
Compofitions, the Goodnefs of which may be tried as follows. 

Take a woodenFuze, or a Paper Cafe, no matter which, of the Height 
of half a Palm, and the Orifice of it the Breath of half a Finger 
only: Fill it with your Compofition, and nicely obferve the following 
Prognoftics. 

If the Flame rifes to the Height of a Palm, that is, to twice the 
Height of the Fuze which contains it. 

If it throws out a good quantity of Sparks on all fides, with a pretty 
great Noife and an acute Crackling ; which falling upon the Head of a 
Drum have Strength enough to break through it, or at leaft Heat enough 
to burn it. 

If, in fhort, it burns during the Time you can rehearfe the Apo/fles 
Creed, 

I fay, if you obferve all thefe Indications, you may conclude that 
your Compofition is in very good Temper ; therefore you may not only 
ufe it for your Fire-Balls, but alfo for your Fire-Lances, Clubs, Gar- 
lands, Crowns, Darts, Fire-Hoops, and the reft of your Pyrobolical Ma- 
chines, which we hall {peak fo amply of in the Sequel. But if you ob- 
ferve your Compofition to be either a little too weak, or too ftrong, you 
may eafily make amends for it by adding Qyrck or Slow Matter to it. 
You will not do amifs, if you {prinkle your Compoftion over with a little 
of fome fort of Oil, that the Ingredtents may unite the clofer, and that 
if your Ball happens to fall into Water, or any damp Place, it may 
be enabled thereby to maintain its Combuftion with the greater Obfti- 
nacy. 

Having thus given you the proper Compofitions for Fire-Balls, I can 
do no lefs than proceed to inftruét you in the Preparation of the icveral 
Species of them, and fhew you how you are to charge them, 


of 


Ji 
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Of FIRE-BALLS. 


SORT I. 


For this, you fhall firft make a longifh Bag, according to the Order 
and Method already laid down, and fill it up to the Brim with one of 
the above Compofitions, prefling and fhaking it down as much as poffi- 
ble, ’till it is almoft as hard as a Stone. Then ftopping the Orifice of it 
with a Wooden Stopple D; take two Iron Rings, of which that which is 
to be uppermoft upon the Bail ( you have it reprefented in B, Fig. 136) Fig. 136. 
fhall be + of the Diameter of it ; and that which is to be beneath thall 
be but ; only: You have this in Letter A. 

But I muft beg your favourable Acceptance of what I have here 
taken from Brechtelius’s Pyrotechnics, relating to this matter. ‘“ He 
“ fays then, that for Balls of 100 ib, the upper Ring thall be 3 } Uncie 
“ or Inches, and the Lower one 3 Uncie only. For Balls of 75 ib, the 
“ Upper Ring thall be 3 Uncie, and the Lower one 2 ¢ Uncie. For 
“ Balls of 50 Ib, the Upper Ring fhall be 2  Uncie, but the Lower one 
“ 2 Uncia only. For Balls of 25 ib, the Upper Ring thall be 1 * Un- 
“ cia, but the Lower one 1 } Uncia only. For Balls which exceed 
** 100 Ib, as for Example, 125, or 150, or more; the Rings fhall be 
“ increafed half an Uncia for every fifteenth Pound. As for Balls be- 
“ tween the Fifteenths, their Rings fhall always obferve a Medium, be- 
“* tween the next greateft and the next leaft; in fhort, they fhall be 
“ proportioned as fhall be judged moft convenient.” As much may be 
faid of their Thicknefs, for according to the Size of your Balls mutt 
you make your Rings more or lefs fubftantial, in which you muft be 
guided by your Eye. Upon the whole, you mutt take Notice when we 
mention the Weight of a Fire-Ball, that we mean, if the Diameter of 
the Mortar from whence it is to be projected was to be applied to that 
Side of the Caltbre Scale which is calculated for Stone Bullets, it would 
point out fuch a Number of Pounds. This you muft keep in mind, 
throughout the Remainder of this Di/cour/e. 

Suppofe now you have two Rings of proper Dimenfions, one for the 
Top and the other for the Bottom of your Ball: Take a ftrong Cord 
or Line (whofe Thicknefs muft not exceed that of the Rings) of the 
Length of 8 or 9 Yards, more or lefs according to the Size of your Ball, 
and tying one End of it to either of the Rings, and paffing the other 
through a Needle (as may be feen in the Figure) lace your Ball tightly 
round with it, obferving to do it in fo neat a manner, that your Lacing 
may appear like little Ladders of Cord, or (to give you a better Com- 
parifon ) like the imaginary Meridians and Parallels drawn upon a Ter- 
reftrial Globe; cait your Eye upon Figure 137, where you will fee it Fig. 137. 
juft as I have defcribed it. 

Sff Now 


Fig. 


Fig. 
Fig. 


Fig. 
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Now to eafe you of fome of the Trouble you might be at in Lacing 
or Cording thefe Balls, I have given you the Conftruction of a Wooden 


- 147.Stool in Fig. 147, upon which if you fix your Ba// between the three 


Iron Spikes which you fee bent outwards, you may conveniently per- 
form your Work. If you fhould fometimes happen, through too much 
Hafte, or for want of being ufed to this Work, to make any Slips or 
Miftakes in your Knots, &c. you may undo them with the Marline- 

159. Spikes, which you fee under Number 150, diftinguifhed by C and D, 
and E: Aand B are two Copper Needles. 

Having thus laced or corded your Bal// after the manner we have or- 
dered, you will have nothing to do, but to thruft Iron Crackers into 
the Body of it, which you may eafily do by the help of that little Con- 

149. trivance like a Pole-Ax which you fee in Fig. 149, or fuch a Borer as 

146.you fee in Fig. 146. But before I proceed farther, I muft fay fome- 
thing concerning the Proportions of thefe Crackers, how they are to be 
fixed, and what Order is to be obferved in charging them; becaufe we 
thall, for the future, make great and frequent Ufe of them, as very ne- 
ceffary Adjuncts to the feveral Balls we fhall prepare. 

Pyrobolifis ufually make three Sorts of Copper or Iron Crackers, for 
their Fire-Balls, and each of a different Length ; to which they are. in- 
duced by fufficient Reafons and continual Experience, which (according 
to the common Saying) is the Mother of all Things. The firft and longeft 

137-of the three you have in Fig. 137, where it is diftinguifhed by the 
Letter A: B is the middling or mean one; and C is the leaft. We 
fhall give Reafons for this Inequality hereafter ; but as to their Length 
in general, you muft obferve the following Ru/es. 

You thall divide the Diameter of a Frre-Ball into 4 equal Parts, one 
of which will exactly give you the firft Cracker without its Point. The 
Second fhall be {s of the Length of the Firft, and the Third 4; or if 
you would rather choofe to proportion them by the Diameters of Bullets, 
you fhall proceed as follows. 

For Centenary Fire-Balls, by which we mean fuch whofe Diameters 
are equal to that of a Stone Bullet weighing 100 16, the Crackers thall 
be made of Iron or Copper Plates turned into Tubes, which fhall be fol- 
dered both without and within if poffible, and their Orifices fhall be re- 
inforced with a Ring of the fame Metals. ‘The Diameter of their Ori- 
fices fhall be equal to that of an Ounce of Lead; and their Length fhall 
be 6 of the fame Orifices; I here mean the longeft Crackers only ; for 
the middling fhall be but 5 = Diameters; and the leaft but ¢. Far 
Fire-Balls which fall thort of this Weight, the Diameters of the 
Leaden Bullets fhall be infenfibly diminifhed, and the Lengths of the 
Crackers thall be proportioned, as I faid juft now: You muft only ob- 
ferve here, that the Leaden Bullets which are to determine the Diame- 
ters and Lengths of the Crackers for Fire-Balls'of 25 1b, thall weigh 
half an Ounce: But for the reft down from 20 to 15 or 10 Tb (which 

are 
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are the leaft that ought to be made) the Leaden Bullets thall weigh at 
leaft two Drams: The Lengths of the Crackers mutt be as I have faid 
above. 

Your Crackers being thus ordered, take the little Pole-Ax, or an Iron 
Spike, and driving it with a Wooden Mallet, which you have in Figure 
148, into the Spaces between your Cording, thruft your Crackers into Fig. 143. 
thofe Holes, in fuch Order that the longeft of them may be in the mid- 
dle part of the Ba//, and beneath them towards the Bottom you muft 
drive in your lefier; and in fhort, all round the Vent and towards the 
Top you fhall drive in your leaft, fo that the Ends of them may be 
turned downwards towards thofe of the longeft. However, you muft 
be cautious how you put them too near the Vent, for fear of their go- 
ing off too foon. You fhall likewife take Care that they be not all in 
one Pofition, but that they be diverfly difpofed, in fuch manner that 
their Ends may be turned alternately upwards and downwards to the 
Right and to the Left, that they may not go off many at a time, but by 
degrees one after another. 

If it happens that your Frre-Ball is {0 folidly or clofely filled, as to 
refufe Reception to fo great a Number of Crackers, as muft of ne- 
ceflity be thruft into it, you fhall (after having driven in the Spike of 
your little Pole-Ax) compleat the Hole with the Borer 146, or fome 
Tool like it, with which you may {coop out fo much Compofition as will 
make room for your Crackers. 

When thefe Crackers are driven into the Body of your Ball, you fhall 
fill them with good Powder to the Height of 3 Diameters of their Ori- 
fices, and over that a Leaden Bullet, and then a good Wadd of Paper or 
Tow; and let them be clofely ftopped up. 

To conclude ; the Vent of your Ball fhall be made within the Upper 
Ring, by cutting the Cloth crofswife, or like a Star; but you fhall not 
have one only; for you fhall make three others in a Triangular Pofi- 
tion, and at the diftance of .3 or 4 Inches from that in the middle, 
which will be of great Service, and make your Fire-Ball as effectual as 
you could wifh. Thefe Holes are made to facilitate the Accenfion of 
the Compofition, and to prevent its Fire from being eafily fuffocated by 
the Enemy with raw Hides, wet Bags or Matrefles, &c. and to affitt it 
if it fhould fall into foft Earth, or Mudd, Afhes or Green Turf. 

Being thus adjufted, it is neceffary to dip it into a certain Compofition, 
which the German Pyrobolifts improperly call Tauff, and Ernftkugel 
Tauffen, which fignifies to baptize a Fire-Ball ; this is to be done as 
follows. 

Get firft an Iron or Wooden Ring equal to the Bore of the Mortar 
you would ufe, the Figure of which you have in 145 under Letter A : Fig. 14s. 
In the fame Figure you alfo have a Wooden Board or Iron Plate, bored 
through with Holes of various Sizes, as in Letter B: Either of thefe In- 


ftruments are very convenient for meafuring the Circumference of your 
Ball, 
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Ball, that you may not inadvertently make it unfit for the Calbre of 
the Mortar, in lacing it and in coating it with the following Mixture. 

Take then 4 Parts of Ship Pitch, 2 Parts of Colophone, 1 Part of 
Linfeed or Turpentine Oil, and melt and mix them well together in any 
large Brafs Boiler, or glazed Earthen Pot; and taking this liquid Mix- 
ture from the Fire, throw as much Meal Powder into it as may be 
fufficient to thicken it: Then holding your Ba// by a String dip it into 
this Stuff up to the Vent, (which fhall be previoufly and tightly 
ftopped up) and afterwards coat it round with Tow, that its Convexi- 
ty may be perfectly {mooth, and the Knots entirely hid. 

Whilft you are dipping it, you fhall from time to time meafure it 
by the above Contrivance, and continue the Immerfion of it ’till it is 
exatly of the due Calibre you want. You have this Fire-Bal/ moft 


Fig. 137.curioufly reprefented in Fig. 137: But we have faid enough of it, let 


us therefore proceed to the reft. 
SORT IL. 
In the Preparation of this, you muft firft have a Bag, (no matter 


whether it be Spherical or Spheroidical;) in the Bottom of which you 
fhall fix 6, 8, or more Hand-Grenado’s with very fhort Fuzes, which 


Fig. 138. fhall be turned downwards ; (as you may perceive in Letter C Fig. 138,) 


Fig. 139-), 


thefe Grenado’s fhall be afterwards buried under a proper Compofition, 
with which the Remainder of your Fire-Ball thall be quite filled up: You 
fhall then have two Iron Bafons like Scales, the Rims of which thall be 
bored through with little Holes. ‘That which you defign to be upper- 
moft, fhall be open at Top like a Milk-ftrainer ; thefe are diftinguifhed 
by A and B, To the opening of the upper Bafon you fhall folder an Iron 
Fuze, which muft be filled with one of the Compoftions we have al- 
ready given for Fuzes, 

This done; clap your Bafons upon the Top and Bottom of your Ball, 
and lace them tightly on, through the aforefaid Holes in the Rims of 
them; and dip and coat this Ba// as you did the Former. You are to 
add Iron Crackers to this, if you will; but you mutt take care that they 
do not interfere with the Grenado’s. 


SORT II 


Take a round Bag, which being filled with Compofition may forma 
Spherical Ball, fuch as you fee in Fig. 139, 140, and 144, Firft fill 


140,1t with Corn-Powder to } of it’s Height, and let it be interfperfed with 
and 144-Teaden Bullets, bits of Iron, pieces of Flint, and fuch like Things, 


The reft of this Ball thall be filled quite up with one of the Compofitions 
already given for Fire-Balls, and fhall be adjufted on the Outfide like 


the laft. You have this, in Fig. 140, 
In 
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In fhort; take a good quantity of Leaden Bullets of an Ounce, or 


253 


half an Ounce weight, with each a little Iron Needle or Point belong-!': 139. 


ing to it. Arm all the Interftices of your Lacing with thefe, by dri- 
ving them into the Compofition; and coat this Ball as before, that nei- 
ther the Bullets nor Lacing may appear. The Fuze for this (which you 
fee in A) fhall be filled as ufual. 


SOR T IV. 


The Ball 1 am now going to prefent you with, is moft horrible in 
its Effects; which are the more frightful, becaufe the Treachery of its 
Conftruction can be no way fufpeéted; For what can be more furpri- 
fing to the Poor People, amidft whom fuch a Ball is fent, (who ta- 
king it to be one of the ordinary Sort, and accordingly ufe their ut- 
moft Endeavours to ftifle it) I fay, what can be more furprifing to them, 
than to be on a fudden moft cruelly butchered by it: And what is farther 
extraordinary, it does not perform its Execution all at once, but by a 
Repetition of 3 or 4 Times, which {till makes it the more dreadful. 
If you would learn the Conftruction of this, you muft mind the fol- 
lowing Directions. 

Take the Diameter of the Mortar you intend to ufe, and divide it 
into 5 Parts in a Stereometrical Proportion. Now though I appre- 
hend I have fully inftruéted you in this Operation in our Firf? Book ; 
yet in confideration of this wonderful Invention, I {hall fubjoin the 
following Method. 

Look into the Table of Cube Roots (which you have in Chap. 1. 
of Book 1.) for the Number of equal Parts, contained in the Fifth 
Root, and you will find it to be 171: Divide then the Diameter of 
your Mortar into 171 equal Parts. And fince in the faid Tad/e the Firft 
Root is compofed of roo Parts, you fhall take #54 of the whole Diame- 
ter abovementioned, for the Firft Portion; 33} for the Second; $+ for 
the Third, and {7} for the Fourth, which laft muft be added to the 
Fifth, for Reafons hereafter given; in fhort, I need not tell you that 
the Fifth will be 171 Parts. 

Thefe Cubical Portions of your Diameter being found, you muft 
infcribe the Firft, Second, Third, and Fifth, in any Circular Figure, 
as if they were Original, or Primitive Diameters (as we fhewed in the 
fame Chapter.) Thefe Circumferences will ferve you for forming 
Patterns to cut out your Bags by. 


I have given you a Fire-Ball of this Conftruétion in Fig. 14.1, which Fig, rr. 


indeed is Oval, though I muft own I like the Round beft. The 
greateft (viz.) A, which contains 3 fmaller, has its leaft Diameter, or 
(or if you will) its Breadth, equal to the Fifth Portion, or (to fpeak 
more intelligibly) equal to the Calibre of the Mortar it is to be pro- 
jected from: The like Diameter of B, is the Third Cubical Divifion ; 

Tete and 
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and the Diameter of D, is the Firft or Leaft. Allthefe Diameters are 
mean Proportionals betwixt two Extremes. The order they obferve, 
both as to Capacity and Bulk is thus: If the Firft or Leaft Ball, D, 
contains one Ib of Coxpoftion; the Second C will contain twice as 
much ; and the Third will hold 3 1b. Thus thefe three, contained by 
and in each other, need only have 1 Ib of Powder for every one in 
particular. 

In fhort, the Fourth and Laft would be fufficiently capacious to 
contain 5 Ib of Compofition; but as the Third is to be included in it, 
which on the other hand holds the two which are lefs than icfelf, ic 
will require but two Pounds of Compofition to fill it quite up. The 
Reafon why this Laft Shell or Ball is allowed a greater quantity of 
Compofition than the three others; is, that the three Leffler, upon the burft- 
ing of the Greater, may fuddenly take fire one after another; fo as to 
give the Enemy no Opportunity of fupprefiing or extinguifhing them, 


and confequently they fhould have but very fhort Fuzes. For as the 


whole Bail (as compounded of all the reft) takes up fome time in its 
Projection, and requires a few Moments before ic breaks after it is 
fallen, it is proper to allow this Fifth She// or Bag that Portion of 
Compofition and Fuze which would have been taken up by the 
Fourth. 

As to the Conftruétion of thefe Balls thus contained in one another, 
I have told you above, almoft as much as can be faid of it. Burt I 
think I had as good repeat it over again. 

The Leaft then fhall be filled according to the Method prefcribed 
for the foregoing: (v/z.) You fhall fill it to } of its Height with the 
beft Corn Powder, and the remaining Third with one of the above 
Compoftions: It fhall then be well corded, and armed with Leaden Bul- 
Jets, and coated with Glue and Tow, inftead of Pitch, When you 
put this Firft into the Second, it muft have its Orifice exactly anfwer- 


ing to the Orifice or Vent of the other. The Second thall be filled 


with Corn Powder to the Height of the Firft Bal/; and the remaining 
Vacancy with the fame Compofition. This likewife hall be firmly laced; 
and between the Lacing it fhall be armed with Iron Crackers loaded 
with Powder and Ball, fo low as the Compofition reaches; But Care 
mutt be taken that thefe Crackers be not fo long as to incommode the 
included Bal/: Beneath thefe upon the Corn Powder you {hall add 
Leaden Bullets, and under them you fhall ftick in litle Iron Spikes to 
fill up the Interftices of the Cording. In fhort, this Bail thall be 
coated with Glue and Tow like the foregoing. The Third thall be 
prepared exactly like thefe two. And finally, the Laft and Greateft 
fhall be ordered juft like the three former; but it will bear to have its 
Crackers \onger, and in greater Number. It fhall alfo be armed with 
Leaden Balls, all over that Part of it which contains-the Corn Powder. 
In fhort, you hall coat it in the fame manner as we ordered for the 


above 
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above Species of thefe Balls, and be (juft like them) moft exactly fitted 
to the Bore of the Mortar. 

Obferve here, that it will be proper for the three Ba//s contained in 
this laft to have three Vents pretty near to each other, which fhall be 
filled with Megl Powder to facilitate their Accenfion, and render it a 
difficult matter to fupprefs them. 


SORT V. 


Thiy Fre-Ball is moft commonly fhot from Cannon, and particularly 
when you would fet Fire to the loftieft Edifices of a Town; or burn 
any Wooden Houfes, particularly when they are only roofed with 
Shingle, or thatched with Straw or Reeds; which manner of Building 
is the moft common throughout Poland, Lithuania, Rufia, Sweden and 
Mufcovy. Cornelius Nepos tells us, in Phin. Lib. XVI. Cap. X. that be- 
fides feveral Towns in Spain and France, (witnefs Ce/ar) even Rome it- 
felf was only covered with Oak Laths for the Space of 470 Years. Add 
to this the Teftimony of V7#ruvius, who confefles in £76, I. Cap. 1. that 
the Palace, or rather the Cabbin of Romulus, was only thatched with 
Straw, which in Commemoration of that firft Founder of the Romaz 
Empire was always kept whole and entire. This was the Magnificent 
Pile that Virgil {peaks of Aineid. VU. where he defcribes the Work an 
fineas s Shield. 


In fummo cuftas Tarpei@ Manlius arcis 
Stabat pro templo, & Capitolia cela tenebat 3 
Romuleogue recens horrebat regia Culmo. 


In Engli/b thus: 


High on a Rock Heroic Manhius ftood ; 

To guard the Temple and the Temple’s God. 

Then Rome was poor ; and there you might behold, 

The Palace thatch’d with Straw, now roof’d with Gold. Dryden. 


Ovid alfo gives us to underftand that the Habitation of this Firft Ro- 
man was only thatched with Straw: I leave you to judge what fort of 
Dwellings the reft of the People had. 

I fay then, that it will be very proper to fhoot Fire-Balls from Can- 
non at fuch kind of Edifices, except they are fo low, or the Ramparts 
fo high that they aré hid from Sight, for in that Cafe it would be beft to 
projec them from Mortars. 

Moft of the Sieges which have been carried on in our Country, have 
furnifhed us with Examples, fufficient to evince the Utility of this Con- 
trivance. Methinks I now fee Bia//, a litdle Town in Severia, nat in- 
differently fortified or garrifaned, which was invefted the fame Year as 

the 
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the Mufcovites were forced to deliver up themfelves at Smolensko, by that 
Heroical and Magnanimous Prince Chriffopher Radziville Palatine of 
Wilna, General of the Armies of the Great and Mighty Dutchy of Li- 
thuania ; who conducting that Siege like a brave Captain, and an excel- 
lent Politician as he was, caufed great Numbers of Fire-Balls to be thot 
upon the flight Lodgments and Cabbins of the Mujcovites, that were only 
thatched or covered with Shingle, which did them fuch Mifchief as is 
not to be conceived, and all they could do, could not preferve their 
Town from the Flames. Thus thofe Barbarians found by Experience, 
that Art and Stratagem are always attended with better Succefs than 
blind Rage or inconfiderate Rafhnefs. 

I cannot pafs over what Yu/fus Lipfus relates in his Poliocreticon s 
concerning the prodigious Devaftation made by Fire-Balls in certain Pla- 
ces of Mujcovy and Livonia, which were befieged and taken by Stephen 
King of Poland; he writes to this Effect: This great King invented 
Fire-Balls which be threw into the Wooden Retrenchments of the Mufco- 
vites and Livonians: Upon which thofe Barbarians complained that the 
Laws of War were violated, and the Honour of Arms polluted, by fuch un- 
fair and unprecedented Dealings: But our People laughed at them and 
their Remonftrances too, and rejoiced in their own Succefs. 

Thefe Fire-Balls are fometimes ufed in Sea-Fights, to burn the Ene- 
my’s Sails and Rigging; in fhort, to deftroy their Ships: But thefe 
fhould be armed beneath with a bearded Harpoon, to run into the 
Planks, and to make the Danger of them inevitable: Or that being fired 
at the Sails the Harpoon may go through them, and keep the Ball 
hanging in them: (But [am inclined to think that the Body of the Bail 
would be driven through the Sails ; and that therefore it would be better 
to fhoot Fire-Darts and Arrows at them from a Crofs-Bow) I fay, the 
Harpoon piercing through the Canvafs, and the Ba// being naturally 
urged to hang downwards, and the Beard of the Harpoon hindering it 
from falling down, the Sails cannot avoid taking Fire. All that can be 
done in fuch’a Dilemma, is at once to clew up the Sails and ftrike the 
Yards, in order to extinguifh the Fire upon the Ship’s Deck; which 
muft put the Enemy into un{peakable Confufion. 

lig. 142. The Fafhion of this Ball is clearly expreffed in Fig. 142. The Har- 
poon I have mentioned is under A. This muft be ordered by the very 
fame Rules as the reft we have defcribed ; Crackers loaded with Leaden 
Bullets would render it dangerous to approach it. 


SORT VI. 


This laft Sort of Fire-Baill bears fome refemblance to that Old Gre- 
nado, the Figure of which you have in Number 115 in its outward 
Form ; butI cannot fay there is any great Likenefs between them in their 
Effects. This Bali is grown antiquated and entirely difufed, on the 
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{core of its Form, which will not permit it to move freely through the 
Air; for we have found by Experience that thofe Projectiles which 
come the neareft to a Sphere meet with the leaft Refiftance from that 
Element ; therefore this, approaching nearly to a Cylinder, it muft be 
attended with fome Inconveniences in its Motion: But I fhall not dwell 
upon this Point, it being my Defign to treat of it here-under. You have 
the Conftruétion of this F7re-Ball as follows. 

After having taken the Diameter of the Mortar you are to ufe (fee Fr- 
gure 143) conftitute a Parallelogram whofe Length is Triple of itsFig. 143: 
Breadth; fuch as you fee in the Parallelogram G I K H: Its Breadth 
GH or I K is equal to C F the Semi-Diameter of the Mortar; B C 
being the Diameter of it. Its Length G I or H K is treble its Breadth, 
or 1 £of the Diameter BC. Then from the Points G and H defcribe 
the two Arches H D and G D, mutually interfecting each other in D : 
But from I and K you hall form the quilateral Triangle 1 K E. 

By a Pattern of this Shape, you fhall cut out fix Pieces of ftrong 
Cloth, to make your Bag fo as to fit the Calibre of the Mortar, which 
Pieces fhall be artfully fewed together ; leaving only an Opening at Top 
by which to put in your Compofition. It fhall be then corded as you fee 
in Letter A. 

Having done all this, you will have a Cylindric Fire-Ball, with a 
Spherical Head and a flat Bottom, which hall therefore be put into a 
flat-bottomed Mortar; fome of which we fhall give you in the Second 
Part of our Artillery, in our Book of Mortars, 


COROLLARY I. 


Of the feveral Shapes that may be given to the Pyrotechni- 
cal Projectiles ; which of them are the beft adapted to 
recewe the Impreffions of a moving Force, and to retaim 
their Motion after it ss once communicated, 


if Race a are many who are of Opinion, that fuch Projec#iles as have 
a flat Bottom do not require fo great a Quantity of Powder, to 
carry them to as great or even to a greater Diftance, than thofe which 
are perfectly Spherical: This I thall demonftrate according to their 
Way of reafoning, without deviating in the leaft from their Arguments. 
The Modern Mortars having their Lengths moft commonly but 2 or 

1 4 of their Diameters refpectively, and fometimes but one only; the 
Powder in their Chambers being inflamed, and accordingly ftriking a- 
gainft the Ball or Bomb to project it, does not act with its whole Strength 
Uuu. upon 
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upon it, but the Flafh endeavours to efcape through the Windage of it, 
choofing rather to make its Excurfion through a free Paffage, than be 
obliged to remove the fuperincumbent Weight, and therefore does not 
ftrike the Bottom of it with all its Force. The Reafon of which is, becaufe 
though the Convexity of an Hemifphere is always double of its Bafe; 
(according to the Dotrine of Archimedes, Prop. XXX of the Sphere, and 
of the Cylinder Lib. 1.) yet if from the Imaginary Points which the Bafe 
is compofed of, you produce right Lines extending to the Convex Sur- 
face of the faid Hemifphere, you will find that you cannot affign a 
greater Number of Points to its Convexity than to the Plane or Bafe up- 
on which it refts. Now the farther any of thefe Perpendiculars are 
from a certain Line, which you muft fuppofe to extend from the Center 
of the Bafe to the Vertex of the Hemifphere, the fhorter will they be; 
and confequently, any one of the Imaginary Points on the Convexi- 
ty of an Hemifphere being applied to any Plane, will immediately 
touch it, and be touched by it; but the Points or Extremities of the 
other Perpendiculars will be exempt from any Contact; becaufe thofe 
Perpendiculars are fhorter than the xis, which is that Perpendicular 
we juft now fuppofed to be in the Middle: Therefore there can be but 
one Point of Contact between any Plane, and the Convex Surface of an 
Hemifphere. You have this largely and curioufly handled by Clavius 
in his 15th Prop. and 16th Book III. of Euclid: See alfo Marius Betti- 
nus Vol. III. Book III. in his Schol. upon Prop. ¥. of Euclid Book II and 
III, and in the following; as alfo in Theodof: Tripol. Book I. of Spheres 
Prop. III. 

If now we fuppofe the Moving + Power of any Gun-powder, or the 
Flath of it, to extend itfelf in fuch a Form as to have a plane Superficies 
towards the Proyeciile; this Plane will ftrike and project it in a Point 
only: Therefore muft we conclude that the whole impulfive Quality of 
it is not united, and that it acts upon a Spherical Projectile with only an 
aliquot Part of its whole Force; for a Plane is compofed of an infinite 
Number of Points, whofe Actions and Affedtions are all independent of 
each other; wherefore the Affection of the Central Point has nothing 
to do with that of the others extended all round it, nor has the leat 
Communication with them; (but you muft here make Allowance for 
the different degrees of the Natural Solidity of Bodies, which quite al- 
ter the Cafe) on the contrary they inftantly move on, and difperfing in- 
to Rays which embrace the whole Convexity of the {aid Projectile, and 
ating in an oblique Direction upon the Points of the Convex Surface 
of it, they cannot be faid to drive it out with their compleat Energy ; for 
oblique Rays are ftronger or weaker the more or lefs they decline from 
a {trait or perpendicular Direétion, the Truth of which may be demon- 
a neh 


_, + Where-ever in the Sequel you meet with the Terms Moving Power, Moving Caufe, and fuch 
like, you are only to underftand by them the Flajh of the Powder in general; ——~ Thefe Terms 
are chofen to avoid Tautology, 
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ftrated from Vtellio’s Optics, &c. Therefore we muft conclude that 
the Flath of Gun-powder does not project a Spherical Body with its unit- 
ed Strength, and that a Sphere is almoft unfit to receive the Impulfe 
of it. But it is not thus with a Flat-bottomed Projectile ; for as all the 
Perpendiculars which you may fuppofe to defeend from the Vertex or 
Convexity of it, terminate in the Plane of its Bafe, and whofe Points or 
Extremities compofe the Flat Bottom of fuch a Body, the Plane Sur- 
face of the Flafh muft impel it with its full and united Power; for 
every Ray of ic muft of neceffity trike forne Point or other of the Bot- 
tom of fuch a Projectile in a right Dite&tion, and rebound immediately 
back again, according to the Nature of the Rays of all Luminous Bo- 
dies, with whom (as we are taught by Optics) the Angle of Reflection is 
always equal to the Angle of Incidence. Wherefore all the Rays in ge- 
neral being confined and refifted by the Body they would project, and 
having no room to efcape through the Windage of it, they unite their 
whole Might to remove the Obftacle which oppofes their Freedom, and 
accordingly project it with prodigious Violence : And in this Cafe none 
of the Flath will appear out of the Muzzle, till the Projectile is depart- 
ed from the Piece; nor will it wrap itfelf round the Sides of the pro- 
jected Body, (as it does with refpect to Spheres or Spherical Balls,) and 
foon after quitting it, retire to its Natural State of Reft ; but will ad- 
here to the Bottom of it, drive it forwards, and purfue it a confiderable 
Way through the Air, in proportion to the Pofition or Elevation of the 
Piece, with regard to the Horizon. 

Perfons who are ufed to judge of Things by the Lump, may conclude 
the Arguments I have here produced to be juft and well-grounded, and 
may conceive an Opinion that Flat-bottomed Projeé#iles have a great 
Advantage over the perfectly Spherical Bodies, or fuch as in any degree 
incline to that Form. 

Therefore having thus demonftrated, as clearly and fuccinétly as I 
could, a Matter which feems to have fome Truth on its Side, and which 
might be deemed a Fact by fuch as are dim-fighted in thefe Affairs: I 
fhall do my utmoit to evince that they are poor, lame, unpolifhed Ar- 
guments, which ftand in great need of being filed and burnifhed. 

In order to which we muft examine into two Things (viz.) Firf the 
Nature of the Moving or Expulfive Power, the Properties, Qualities, 
and Manner of Action of the Flath of Gun-powder, and what Form it 
affumes when it projects any Bodies. Secondly, why (contrary to the 
above Arguments) a Spherical Body is more adapted to receive the Im- 
pulfe of the Flath of Gun-powder, or any other Moving Caufe, chan a 
Flat-bottomed one; and how it comes to pafs that the nearer a Body 
approaches to a Spherical Form, ic is the more fufceprible of Motion. 

For the Firft of thefe : The Generation or Production of the Moving 
Power. of Gun- Powder can be attributed to no other Caufe, than to the 
Fire which infinuates itfelf into it, and changes the whole Subftance of 

it 
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it (it being naturally very fubjeé&t to Tranfmutation) into another infi- 
nitely more fubtile, and particularly into fuch as is moft like itfelf, or 
which tends the moft to-its Confervation and Increafe; for it is laid down 
as an infallible Maxim, that each Element endeavours as much as poffible 
to reduce every thing to its own particular Subftance, from a natural 
Inclination and Defire of Infinity and Eternity. ‘This is amply verified 
in Fire, which has a boundlefs Ambition of furmounting and poffeffing 
itfelf of every Thing: And being (according to Scaliger) as it were the 
Prince of Elements, it greatly extends its Empire by a perpetual Domi- 
nation, uniting fome things, and feparating others, and exerting its 
Power over whatever is within the Sphere of its Action, and accumu- 
lating whatever can be converted into its own Subftance. Thus when 
it feizes upon Wood, it knows how to diftribute the Humidity and 
Athes to the Earth, the Exhalations to the 4ir, and never forgets to lay 
hold on what belongs to itfelf, which it takes Care to keep Pofleffion of. 
The fame may be faid with regard to Gun-powder, whofe Nature being 
perfectly Igneous, the Fire feizes upon the whole Body of it, excepting 
fome little Smoke and Soot, generated by the Coa/, and certain grofs 
earthy Particles impregnated with the Su/pbur and Saltpeter, which 
ufually ftick to the Infide of the Piece. 

Therefore we will call this Virtue, and Moving Force of Gun-pow- 
der, a certain Natural Property of Fire, compounded of + another 
which is extremely Subtile of itfelf, (which obliges Philofophers to fay 
that it neither burns nor fhines) and which is Spirable, Violent, Impe- 
tuous, Active: Thus this compounded Force difperfes, thickens, heats, 
rarifies and burns; is impatient of Oppofition, incapable of Condenfa- 
tion, or Contraction. But I fhould never have done were I to give a par- 
ticular Detail of all its Attributes ! 

Since now you have a pretty good Idea of this Moving Caufe, which 
never had any thing comparable to it; it is neceflary I fhould thew you 
its true and natural manner of acting ; before I {peak of its Form. 

But I fhould think myfelf guilty of a very great Slight to the 
learned Scaliger, if I did not here recur to his Arguments; (though 
I fhould not be at a Lofs to illuftrate it myfelf) for I dare fay, that no 
Man fince Ariftotle, has been fo diligent an Obferver of Things, 
or cultivated Natural Philofophy fo effe€tually as that great and 
learned Perfon. He fpeaks thus, in his Exercitat. XI. Not only At- 
traction but Impulfion 7s caufed by Rarifaction, as may be feen in Brafs 
Tubes filled with Saltpetrous Matter ; for the Fire in its Rarifaétion en- 
deavouring to poffefs itfelf of the Places neareft to it, muft neceffarily repel 
and drive forwards ; which cannot be properly attributed to Denfity: And 
becaufe (he {peaks to Cardan) this Doétrine of yours has gained ground 


i T- By this he means the Flatulent Expanfion or the Windy Exhalation produced by the Selt- 
ter. : ane 
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among ff the generality of People, I fhall here particularly dwell upon it. 
You would have us underftand it thus: (viz.) the Powder being converted 
into a Flafb of Fire, cannot be contained in the narrow Space in which it 
was contained whilft it was Powder ; therefore its Parts endeavour to con- 
denfe; but becaufe that 1s impofible, they break out with great violence. 
But you do not here perceive that the Rarifattion ts Two-fold. The one being 
immediately joined to the Expulfion; for it could not ae out unie/s it was 
dilated: And the other which is the Caufe of its Goadentation: for it 
would not be condenfed near the Bullet, except from its Firf? Accenfion it 
was fuccefively rarified. Thus is your Argument falfely grounded, and no 
ways Metaphyfical, and all from your Ignorance in what concerns the 
Moving Caufe: Indeed this Denfation is not only fecondary but acctden- 
tal alfo; it being a Privation of the natural Property of Fire; which is 
RarifaGtion. By what Rule of Nature then can tbe Privation of the 
Natural Property of ire, perform the Effect of it ; which zs Impulfion : 2 
Which Impulfion 7s owing to the Endeavour of the Form (or Body) to fill 
up its Place. Moreover, Rarifaction is a Motion, by which the Things 
rarified extend their Bounds: On the other Land, Condenfation 1s a Motion 
by which their Bounds are contracted. Impulfion is a Promotion of the 
Extream.* Therefore you are miftaken, to attribute this. Motion to 
Condenfation. 

Here I would willingly check the Courfe of my Pen, were it not 
for the Noblenefs of the Subjeé&t, which leads us on to a true Know- 
ledge of the admirable Effects, and unfpeakable Strength of Balife, 
+ Scorpiones, Catapulte, Bows, and fuch like Warlike Machines (which 
we fhall hereafter explain, and defcribe by the moft Curious Figures;) 
in fhort, I find fuch Charms and fecret Virtues in the Words of this 
Great Man, ' that I muft let him purfue his SubjeGt, whilft we follow 
him as clofe as our Apprehenfions will permit. You are as much mifta- 
ken when you attribute the Motion of Impulfion in Balifte to Rarifaction. 
For it is performed by Condenfation ; becaufe whenever the Bow of a 
Balifta unbends it Condenfes. It ts thereby made fhorter, and confequent- 
ly muft be contracted. For which reafon it breaks fometimes in the bend- 
ing ; becaufe it is rarified. Now if you affert, that this Rarifaction ts 
the Caufe why the Bow unbends and condenfes; you will raife two Olyecti- 
ons againft your felf. And Firft: I fhall deny that it can be any way attri- 
buted toit. It is neither Form nor Matter, but an Accident, and a Priva- 
tion of Denfity, which is owing to the Bow, It is not the Effet? : The Effect 
is Impulfion. Is it the Efficient Caufe? I deny it. No Being can ef- 
fet what is its contrary, or diametrically oppofite to its Nature: No 
Privation can perform the Office of its Subject, Rarifaction is a Priva- 
tion of Denfity. The other Objection is: If you will have this Rarifacti- 


+ Scorpiones were a Sort of Crofs-bows with which the Ancients ufed to thoot Poifoned Ars 


rows &c. 
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on fo be the Caufe of the Impulfion, becaufe tt is Antecedent to the Conden- 
fation; you fhould allow the fame thing for Fire-Arms, in which the Rari- 
faction is ahways Antecedent to the Condenfation. If a Bow be broken 
it is becaufe it is too much rarified. Therefere we find that Tough 
Things cannot be broken, becaufe of their Parts, which will admit of the 
utmoft Extenfion or Rarifaction. Earthen Things break, and will not 
bend. Metals may be rarified, and are therefore flexible. Why 
do the fame Bows break if you deprive them of the Spring-pin, the Nut 
or the Arrow? It 1s, becaufe whilft they have any thing that retards their 
Contraction, they are contraéted with lefs Violence; but when they are 
devefted of all Incumbrances, it is with a fudden Motion that they un- 
bend, and are therefore Broken. This alfo happens to Wooden Hoops, 
which if they be bent eafily and gradually, they will follow the Circu- 
lar Direction you would give them, but if they are fuddenly bent they 
break. If it be allowed, that the Concavity of the Bow when bent is 
condenfed, and on the contrary rarified in unbending ; this will agree with 
us. Perhaps the Ratio of this Motion is in proportion to the exterior Cir- 
cuit of the Bow. But fome of the more Subtile may deny this Motion to 
be caufed by Impulfion; but to the preceding Caufe of Attration. For 
the String impells the Arrow, becaufe it draws; and it draw? becaufe it 
is drawn. The Traction or drawing of the String is the Firft and Im- 
mediate Caufe; the Traction of the Bow ts the Second and Laff: The 
Caufe of the Traction is the return of the Bow to its Site or Reéi- 
tude, which cannot be done without Condenfation. It is @ Return of the 
whole, but aCondenfation of Parts only. Truly this Motion is diffe- 
rent only in Caufe, and not in Effect. The Impulfion is a mere Effeét, 
and the Condenfation a mere Caufe. The Traction is the Caufe of the 
Impulfion, and the Effect of the Condenfation. The String of the Bow 
is broken when it unbends without an Arrow, not for the fame Reafon that 
the Bow breaks (viz.) by Rarifaction, but by the Strength of the Bow which 
pulls it violently at each End, in endeavouring to return to its Sree State: 
But if the String breaks in bending the Bow, it is broken by Rarifaétion. 

Thus far Scaliger. I fhall now refume the Thread of my Effay, in 
order to which we will firft confider the Form and Figure of this Mo- 
ving Caufe which is generated by Gunpowder. 

It cannot be doubted (if you conceive what has been faid above) 
that this Power is no other than Fire, or a certain inflamed Air or Va- 
pour; fince it is evident that Powder is almoft all Fire in Power (as 
Metaphyfictans have it) before it is converted into a Fla/b, and by the Ap- 
plication of Fere to it, it a€tually turns into a Flame. From this it can- 
not be denied that it affumes the Form of Fire. 

Now we have an infallible Argument to prove, that Gunpowder does 
affume the Form of Fire, from the nature of Se/tpeter; which though 
it be derived from a Saline Humour, yet that Humour is not Aqucous 
but Aerial, and confequently hot like Air, and bordering upon Fire: 

and 
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and being violently and for fome time beaten in a Mortar, it is greatly ra- 
rified and fubtilized, by being devefted of all grofs and crude Particles 
which might be impregnated with it, and therefore ftill approaches 
nearer to Fire. Now to tell you that it is no way incommoded by being 
incorporated with Coal.and Sulphur, would be a moft needlefs Repeti- 
tion of what I have already demonttrated. 

Again; Fire, whether it be Natural, fuch as it is in its proper Sphere, 
(which is thought to be neareft to the Heavens) or whether it be Arti- 
ficial, which is commonly called Culinary Fire; I fay, whether it be 
Natural or Artificial, it is a Body. I need not go about to prove this 
Affertion, fince it is allowed to be fo by the joint Teftirnony of the 
Learned ; and fince it is a Faét, which is obvious to the Senfes. Being 
a Body, it muft neceflary be finite, and circumfcribed within certain 
Bounds. Thus Pézlofopbers and Geometricians tell us, That a Superfi- 
cies terminates a Body, a Line a Superficies, and a Point 4 Line: and 
that Form or Figure is made up of the different Difpofitions of them. 
Therefore fome of the Learned have attempted to reprefent thé Ele- 
ments under particular Forms, in imitation of other Natural Bodies: 
From whence it is that you have the Four Elementary Bodies of P/a- 
to, to which a Fifth has been added by his Difciples, as you will find 
in Clavius Chap. 1. Spher. Sacrob. fpeaks of them to this Effeét. 
Plato reprefents Fire under the Figure of a Pyramid or a Tetrahedron, 
from its afpiring in a Point, or the Acutenefs of its Flame. To the 
Air be attributes an O&ahedron: For as Air is the next in order to 
Fire, fo an Octahedron bears the greateft Refemblance to a Tetrahedron, 
it being compofed of two Pyramids. To the Water be afcribes an Icofi- 
hedron, decaufe of its great Mobility and Flutuofity. To the Earth he 
allots an Wexahedron or Cube, becaufe of its Immobility ; for of all the 
Regular Bodies, a Cube is the leaft adapted to Motion. To the Heavens 
@ Dodecahedron ; for even as the whole Circuit of the Heavens contains 12 
Equal Signs, fo alfo aDodecahedronts contained under 12 Equal Surfaces. 

Butin the main you muftlook upon thefe Figures as Emblematical on- 
ly : For who can believe that Fire artificially condenfed in the Hollow of a 
~ Cannonor Mortar can affume the Form of a Pyramid? Or who can con- 
ceive that the Moving Caufe, which (as I have often faid) is a certain 
Windy Exhalation or Airy Expanfion, can put on the Figure of an 
Odtahedron? This it would be impoffible for it to do, except when it 
enjoyed its perfect Liberty to mount upwards. And therefore Fire as 
well as Water being cqnfined and compreffed within any Body, puts on 
the Form of the Cavity wherein it is contained. As for Example, if 
the Windy Exhalation beforementioned, or rather the Flath of Gux- 
powder, was by any Artifice condenfed within a Concave Sphere (fuch as 
our Grenado’s) it would certainly affume a Spherical Figure; and fo 
likewife when it is confined in the Chafe of a Piece of Ordnance, it 
mutt take upon it the Form of a Cylinder. 

As 
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As for the Figure of the Vertex of the Moving Power, or that End of 
it which ftrikes the Projethile, ic is a difficult matter to afcertain any 
thing about it; nor can it be demonftrated any other way than by Con- 
jecuire, or by Comparifons inftead of Arguments. It is very probable, 
that ir endeavours as much as it can to enjoy its Natural Form; which 
it may do in Confideration that the Prejed#i/e refifts it lefs than the Sides 
and Bottom of the Piece, and is not very capable of hindring it from. 
afiuming what Figure it will: From whence it is likely ic may break 
out into a Cone or a Pyramid, which are Figures feemingly natural to 
it; add to which, that the main Strength would center in the Vertex of 
fuch Forms, which being repelled by the Ball, would return back 
again with redoubled Vigour againft it (by means of its Rarifaction) af- 
ter the manner of fome Purges. On the other hand, it is not impofiible 
but it may take upon it the Shape of an Hemifphere; which does not 
appear very unnatural to the Form of Fire and Air when in their proper 
Spheres, and is the ftrongeft of all Figures and Bodies: From whence 
it is that Porters are naturally led to ftoop to take up any Burthen, by 
which means all the Joints of the Body are collected as it were into a 
fubftantial Arch. The Fi€tion of 4¢/as, whom the Poets feigned to 
have fupported the Earth upon his Shoulders, gives us a familiar Idea as 
to this Doubt. . 

But to give you the moft certain and rational Explication of this 
Matter, and that which is the moft univerfally received amongft Natu- 
ralifis,; we mutt firft make a Diftinction between the Situations and Po- 
fitions of the Projeétiles in our Mortars, from whence it will be con- 
{picuous. You are to underftand it thus. 

All the Mortars with which we project Pyrobolical Bodies (as we have 
often faid) have certain Chambers, which are to contain the Requifite 
of Powder neceffary to perform the Effect required. Suppofe now that 
every Corn of Powder is at one Inftant inflamed ; and that the Projeéfile 
cannot be driven out by it, till it is become an Expulfive or Moving 
Power. Secondly, that your Projectile is perfe€tly Spherical, and that 
it immediately refts upon the Powder, without the Interpofition of any 
Body between them. It is certain, that in this Cafe the Moving Power 
or Flath ‘will not ftrike upon the whole inferior Hemifphere of the 
Ball, but on that Part of it only which ftops up the Orifice of the Cham- 
ber, whofe Dimitient Line is exactly }, or at leaft an Aliquot Part of 
the whole Diameter of the Superincumbent Ba//, Now the Bal/ re- 
ceives all the Impulfe neceffary for its Projection, before the Flafh can 
make its Excurfion out of the Chamber, and whilft the whole Energy 
of the Flafh is confined in that narrow compafs ; which being once ef- 
caped from thence, it expands itfelf, and is confequently greatly weak- 
ned. 

By this ic appears that the firft Shock is all that is needful, or requi- 
fite for the Projection of the Superincumbent Body. And if the Moving 
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Force or Flath is really colleéted into an Hemifpherical or Pyramidical 
Form, it cannot be doubted (confidering its Denfity whilft in the 
Chamber ) that it would impel a round Body moft powerfully, and 
hurry it out of the Mortar, &c. Nor muft you imagine, that it acts 
with lefs Power than if the Projeéfi/e had been Flat-bottomed, for the 
Reafons above given; to which we may add, That the Flafh being 
ftrongeft, in its Excurfion from the Chamber, it imprefles its utmoft 
Force, and confequently gives a fufficient Motion to both a Spherical 
and Flat-bottomed Projeéfile, by means of that Line only which paffes 
through the Center of Gravity, round which all the Parts of the Pro- 
jected Body are at reft. Moreover, as a Sphere reprefents a kind of Uni- 
ty, which may be properly enough faid to be but a Point; therefore if 
it be folid and made of any hard Subftance, fo that by the Solidity of its 
Matter and its Form, its Parts cannot be eafily disjoined, it would be 
fufficient if it were ftruck in a Point only; for from that Point the 
Blow would be inftantly communicated to all the reft. And I am real- 
ly of Opinion, that this Impreffion would not have a more powerful 
Effet, if it had ftruck the whole Flac Bottom of any Projectile: But 
on the contrary I believe it would be much weaker ; for in that Cafe (as 
I have already faid) the Powder being extended, its Flath would not be 
collected into a Body of fufficient or at leaft fo great Denfity, and con- 


fequently its Aétion would be fainter. Thus the Flat Superficies of the. 


Flath (if it be a Plane) is no more adapted to imprefs a Force upon a 
Flat-bottomed Projec#i/e, than upon any other; 

Moreover, if any Body be placed berieath a Spherical Projectile, or 
one inclining to that Form ; or beneath one that is Flat-bottomed, which 
is equal in Weight and alike in Subftance with the Spherical one: As 
for Example, let us here fuppofe a Tompion to be driven upon the 
Powder in the Chamber in fuch a manner, that the Flath cannot imme- 
diately ftrike either the one or the other of the aforementioned Proje- 
Giles, and that it mutt give its Blow by means of the Tompion ; I fay, 
it is moft certain that whatever Figure the Flafh affumes upon its Ac- 
cenfion, it will impel and drive out the Tompion with all its Might, 
and that either of the Projectiles muft equally thare in the Impulfe of 
the Tompion, though their Motion would be unequal, from the Ine- 
quality of their Figure, as thall be obferved hereafter. What does it 
fignify if the Tompion ftrikes a Flat Bottom in feveral Points, or but 
in one, as it does a Sphere? Since, as we have already faid, any Point 
of a Sphere is as it were the whole Body of it, and vice verfa,. the 
whole Body of it as it were a Point: For nothing is feperated from it, 
all its Parts are dependant upon each other, and the Excellence of its 
Figure admits of no-Inequality or Defect in its Surface. As to the Rea- 
fon, why the Flath, being efcaped from the Chamber becomes weak, 
and unable to imprefs any violent Force upon a Projectile of any fort, 
I have fufficiently accounted for it already : But neverthelefs I will once 
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more obferve to you; that the more the Flath is confined and refifted, 
the more furious does it become, and feems to be fucceffively indued 
with new Degrees of Power, till it has forced its Way to Liberty. And 
it is for this Reafon, that befides the Wooden Tompions which are 
driven into the Chambers of Mortars, they add certain round Boards, 
equal in Diameter to the Calibre of the Mortar, as we have faid elfe- 
where. Therefore we may fay that thefe round Boards fupply the want 
of Flat Bottoms, fince they prevent the Excurfion of the leaft Atom of 
the Moving Power or Flath till the Projecfile is departed. But they 
are of no farther Ufe after that Moment; for it is impoffible for them 
to purfue the projected Body with an equal Pace, whether they remain. 
whole, or whether they be broken by the Violence of the Shock. 

Upon the whole, it is an eafy matter to prove that the Impulfe of 
the Flafh upon any Body is Inftantaneous or Momentary, from the Ex- 
ample of fuch Things as are thrown by Hand, or thot from a Bow or 
a Bahfia; which are never accompanied in their Projection by the 
Moving’ Caufe, for it is fufficient that the degree of Force (ict it be 
what it will) is once impreffed. There are many of the Learned who 
miintain, that a Body being once put in Motion, would move on fot 
éver, if its Motion was not deftroyed by fome Caufe; and they hold 
that this Affertion would obtain in a Vacuum, or a Space deftitute of all 
fort of Refiftance, that might obftru@ and annihilate the Motion given ; 
which Merjennus thus accounts for: -- Whatever 1s produced cannot be 
deftroyed,. except tt be attacked or affected by fome deftruétive Caufe ; for 
as no Being bas the Power of generating or creating it/elf, fo no Being 
can be fuspofed to procure its own Deftruction. There are many great Men 
who think this to be true, jince infallible Arguments to prove it may be de- 
duced from what Tdea’s we bave of it: For bow can any Body be deprived 
of the Motion communicated to it, tf it meets with no Obftruction or C aufe 
which is deftruttive to it: For it may be fuppofed that God would no more 
deny bis #ififtance to Motion, which is 2 Thing of real Exiffence, than to 
other Beinys ; bow then can it be annibilated or fuppreffed if it meets with 

Here I fhould be very willing explain how a Body moves or flies 
through a Refifting Medium (fuch as the Air) if I thought this a proper 
Place for fuch an Effay ; But as I think it is not; I fhall only remark, 
that Thofe are moft ftrangely out af the Way, who perplex themfelves 
in fuch inextricable Miftakes, as to imagine, that the Moving Power 
of ‘Gunpowder, purfues the Body for fome time during its Projeétion, and 
that adhering to it, it drives it on with frefh degrees of Velocity 3 orat 
leaft affifts it ‘for fome time, and prevents it from falling to the Ground 
‘fo foon as it otherwife would: For what Man living is fo ignorant, as 
not to be in fome fort acquainted with the Nature of Fire? or rather 


} Merfen. in Phano. Ballift. Prop. XXXVIIL 
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who is he, that has found an Art, or that is able to bind that Element, 
which is fo Subtile, Volatile and Light, that Element which is fo 
difficult to be handled, to a Bail violently hurried through the Air? Who 
obliges it to adhere to the Projeé#ile without daring to forfake it? What 
magnetical Virtue can an Irom Bullet have, that fhould draw the Flath 
after it? But if I fhould grant all this, what would it fignify? How 
could the Flath imprefs new degrees of Force upon the Ball, or by 
what Means could it fuperadd to the Motion at firft communicated? Or 
how could it prevent the Motion from immediately forfaking the pro- 
jeCted Body? For being once at full Liberty ic becomes fo fubtile and 
rare, that it has none of that Strength ir had at the Inftant of its Rari- 
faétion, which Strength confifted purely in its Denfty, and the com- 


patted Union of its Parts: Thofe who are obftinately bigotted to this 


Opinion are no lefs miftaken, when they fay that a Guz carries the fur- 
ther the longer it is; becaufe the longer the Fiath is confined in the 
Chafe of the Piece, fo much the fonger does itattend the Bul/et, and pur- 
fue it the clofer. Buz we muft in charity believe that the poor Men, 
who reafon upon fuch a wretched foundation, are perfed Strangers to 
fome Rules in our Art, which teach; That if a Piece of Cannon is 
made longer than ordinary, it is not becaufe the Flath fhould thereby be 
enabled to project the Bullet with the greater Violence; but the Length 
is fo proportioned, that the Requifite of Powder may be totally infla- 
med in the Chafe of the Piece, and that at the Inftant the Projectile 
is departing from the Muzzle of the Gun, the whole Power of the 
Flafh may be united, and accordingly project it with its utmoft 
Might. . 

Aa here I muft inform you that the longer a Caunon is, fo much 
greater ought its Roquifite of Powder to be; and on the contrary, the 
fhorter it is, the lefs Powder does i require. For even as too great a 
quantity of Powder, rather hinders than affifts the Projection of the 
Bullet; becaude ic cannot be totally inflamed at the Inftant the Ba// de- 
parts, and is therefore fpilt upon the Ground (though fome Pyrebolifts 
have another way of accounting for this, which I thall touch upon 
hereafter ;) fo on the contrary, too {mall a Charge is totally accended 
before the Bullet has moved through the Chafe of the Piece. I fay 
then again, that the Flath which accompanies a Bullet through the 
Chafe of a long Gun can by no means add to its Velocity, for the 
longer it remains in the Hollow.or Chafe of it after its Accenfion, and 
the more Room it has to expand itfelf, the more will it be rarified, and 
confequently it muft be propartionably weaker: So that if there was 
2 Cannon of 100 Foot in Length or more, whofe Calibre would only 
receive a Bullet of 1b, which if it was allowed but the ufual Requi- 
fite for fuch a Ball, which is 1 Ib of Powder; I firmly believe that the 
Flath of fuch.a Quantity, in accampanying the Bullet through fo long 
a Chafe, would be fo very much weakened, that it would fearce be 
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to drive it of the Piece, much lefs to project it to any great Diftance. 
But we fhall have a more proper Opportunity to fpeak of the due 
Lengths of Cannon, together with the Weights and Sizes of their Bullets, 
and their Requifites of Gun-powder, in Book I. of the Second Part of our 
Artillery, where we thall treat of Cannon, 

Let what I have here faid fuffice at once to demonftrate and .perfuade 
you, that Pyrotechnic Projectiles with Flac Bottoms are not near fo 
well adapted to conceive a Motion adequate to the Impulfe given, as 
thofe which are Spherical or inclining to that Form. Now that what I 
have faid is in every refpect true, I fhall appeal to the Demonttration of 
Merfennus in + Mechan. Lib. I. Par, Ul. Prop. 6,7 and 8, where you 
may confult him. 

From whence it will be evidently demonftrated, that any Projeétile 
inclining to a Spherical Form, makes its Way through the Air with 
more Eafe, and penetrates through a Medium with lefs Difficulty, than a 
Cylinder with flat Bafes or Ends. But to this it may be objected, that 
a Cylinder may not always have one of its Ends foremoft, nor purfue 
its Courfe like an Arrow, for it may happen that its Convexity may 
cleave and rowl in the Air; and that it may alternately cut it with its 
Convex Surface, and alternately with its flat Ends. But to this I reply 
in the firft Place; that it is not impoffible but that the End of it which 
is turned Outward in the Piece may be driven on foremoft. 2. That, 
though the Cylinder fhould cleave the Air with its Convex Surface, yet 
that it would clear its Way with more Points than a Sphere ; though 
they were both to be of equal Weight, and though the Height and 
Breadth of the Cylinder were to be equal to the Diameter of the Sphere, 
In this Cafe the Form of the Cylinder would be but little adapted to re~ 
tain the Motion communicated to it. 3. That if the Cylinder fhould 
whirl round in fuch a manner, that its Convexity and Ends do al- 
ternaly prefs forwards through the Air; it is very eafy to perceive, 
that there is but little difference between this Motion, and that by 
which it might move on directly with one of its Ends foremoft, for its 
Ends muft always meet with an equal Refiftance as well at one Time 
asat another. But be this as it will, and whether the Cylinder rowls 
and whirls about (which is an Action common to all Round Bodies) 
or not; it is certain that its Motion is in no refpect like that of a Sphere, 
and far from being equal to it. 

Here by my own good Will could I filently pafs over feveral ad- 
mirable Properties which are natural to a Spherical Figure; but I can- 
not forbear inferting what Scaliger, that Divine Spirit, has obferved con- 
cerning the Sphere, in his Exercit. XXX. 1. With whatever Motion a 
Globe is turned, we always conceive it to generate a Form ike itfelf. 


{ The Original has here a Jong Quotation from Merfennus, which being in the main a mere 
Pedantic Repetition of what has already been faid, I thought it would rather perplex the Rea- 
der than help him, 
2. Being 
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2. Being whirled round upon a Point, it always fills or takes up the faine 
Space, which alfo is common to a + Cone from its circular Figure: Again; 
if a Globe changes its place, tt ds/cribes in the Air a Figure different from 
itfelf, (viz.) a Column; and at the fame time forms a Line which is not in 
itfelf, but in Power. Being rtwled or fet upmn a Plane it touches it only 
in one Point, in which wonderful Property it differs from all other Bodies : 
How then can a Solid Body reft upon that which has no Exiftence? 3. By 
one only Turn, it bas two contrary Motions (namely) upwards and down- 
wards with refpect ro its Circumference; (I do not bere fpeak of the Hea- 
vens, but of any Bali or Wkeel;) they are farther contrary, becaufe the 
Downward Rotation is natural, and the Upward unnatural. 4. Not- 
withftanding that it 1s one continued Body, yet fome of its Parts move with 
a greater Velocity than others: But you muft here underftand Velocity 
as Twofold; (namely) when Bodies, or Parts of Bodies, go through as much 
Space in lefi Time, or more in the fame: Therefore the nearer its Parts 
are to the Outward Surface, the fwifter they move; and the nearer they 
are to the Axis, the flower. 

In fhort, the Circle and Sphere thall clofe up this Corollary, though 
they themfelves are endlefs; and they will not only conclude this Coro/- 
lary, but this prefent Year alfo (viz.) 1649; the laft Hours of which 
our Prefs employs in printing thefe Lines. By God’s Leave we fhall+o- 
morrow not only enter upon a new Corellary, but a new Year alfo, a 
Year of Benediction,, the great Year of Fudilee, fo long wifhed for by 
the Chriftian World! The Almighty, who has neither Beginning nor 
End, has this Day compleated the Circle of a wonderful Work, in 
which every living Soul muft hold its Courfe without exceeding the cir- 
cumfcribed Bounds of it. To-morrow we fhall begin a New Year, 
which I wifh may ke pregnant of Happinefs, Peace and Joy throughout 
the whole Face of the Earth: Humbly befeeching the ineffable Good- 
nefi, that fixing one Foot of the Compaffes of his Love in our Hearts 
and in our Souls, he would with the other defcribe a new Circle, which 
may excite new Degrees of Velocity in us, and haften us on in an im- 
mediate Tendency, towards the endlefs Blifs of a bleffed Eternity ; to the 
End, that being far removed from the firft Point of that Impulfe, which 
naturally urges us to purfue and covet the Viciffitudes of Worldly For- 
tune, we may no longer be expofed to Danger amidft the Rocks and 
Shelves of our Folly: But that on the conttary, continually revolving in 
an endlefs circular Direction upon the {mooth Planes of Fortitude and 
Conjftancy, we may at length refume the Place from whence we fet out 
(namely) Heaven, there to enjoy Eternal Life. 

SS ee Re Da te ee 
¥ The Latin has it Pyramis, and the French Tranflator has rendered it Pyramide; but Sca- 


liger to be fure means a Cone, which is by Mathematicians often defined to be a Pyramid of 
Infinize Sides, 
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COROLLARY IL 


Of feveral Sorts of Pyrotechnic Petards or Crackers prepared 
for various Military Ufes. 


P YROTECHNICIANS have feveral other Sorts of Crackers, be- 

" fades what we defcribed in treating of Fire-Balls. But as in under- 
taking this Work, I only propofed to dwell upon the chief Pyrotechur- 
cal Inventions, and fuch as are the moft frequently ufed; therefore re- 
jecting thofe which are the moft inconfiderable, and leaft ufeful, I thall 
refer our Pyrotechnician to thofe Figures which he fees under Number 
151, diftinguifhed by the Letters A, B, C, D, E, F, G, H, I, K, L. 
The firft of them (v7z.) A, is in no refpect different from that we gave 
you under Fig. 137: This will not only ferve for Fire-Balls, but alfo 
for Garlands, Crowns, Bags, Fire-Hoops, ances and Darts; as may al- 
fo the two following diftinguifhed by B and C, notwithfanding that 
they differ a little from the Firft. The Proportions of Crackers fhall 
be determined by the Size of the Body whofe Uie you intend them for : 
But if you would have one fix’d determinate Proportion, you may allow 
their Orifices the Diameter of a Leaden Bullet of one Ouxce, or two at 
the moft ; and their Length or Height fhall be 5 Diameters, without 
reckoning the Point. This is the moft juft and proper Proportion that 
can be afcertained for them. As for the Loading of them, pleafe to 
look back on what we have already faid, to fave us the Trouble of a tire- 
fome Repetition. 

The other Crackers which you fee, are much larger than the above- 
mentioned, and ferve commonly for Wooden Balls, &c. the Conftru- 
étion of which we fhall give you in the following Chapters: The Firft 
of thefe (viz.) D, is perfe@tly like the Recreative Cracker which we 
gave you in Figure 107 under the Letter A. The Conftruction of this 
is very eafy, and the Figure of it is very intelligible. It is ufually 
charged with Corn Powder to } of its Height, and the Remainder of 


it is loaded with Leaden Bullets, then ftopped up with a Wadd of Pa~- 


per or Tow. 

That which you fee in Letter E is a Triple one, that is, it contains 
two others lefs than itfelf; though fimply of itfelf it is perfectly like 
that which we juft now defcribed, (viz.) D. This is pierced with five 
{mall Holes, for fear it fhould mifs Fire; four of which are in the Sides, 
and Diametrically oppofite to each other, and the Fifth in the Middle 
of the Bottom of it. As for thofe diftinguifhed by F and G, they are 
almoft like thofe which we formerly reprefented under Fig, 106. Thefe 
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three then fhall be ordered, that the Second may go into the Firft, and 
the Third into the Second. The greateft of them (vzz.) E, is generally 
filled with Corn Powder to half its Height; upon which you hall flip 
down the Middling one, into which you muft put the Leaft, filled with 
Corn Powder, and fome Leaden Bullets, after having filled the Second 
with Corn Powder in the fame manner you did the Firft; I mean that 
Vacancy of it which exceeds the Height of the Leaft. Moreover, the 
Middling one as well as the Leaft have Chambers filled with one of the 
Slow Compofitions 1 have already given. 

The Third Cracker which you have in H, reprefents a little Copper 
or Iron Tube without Bottoms. When you would load this, you. muft 
divide the whole Height of it into 3 equal Parts, whereof that in the 
Middle fhall be filled up with Corn Powder, and the other two with 
Leaden Balls. You are to feparate them from the Powder with Paper 
Wadds; they fhall likewife be wadded at each End. You fhall make 
two Touch-holes, or more if you will, juft in the Middle of this 
Cracker. 

The Fourth of them, (vz.) I, needs no Explanation; for it is to be or- 
dered exactly like thofe whofe Profils you have in F and G; though it 
mutt be confeffed that it differs from them fo far as to be ufed fingly, 
admitting no others into its Capacity, and muft not on the other hand 
be lodged in any other when it is to be put in Execution. 

In fhort, the Crackers K and L, one of which is in the Shape of a 
Crofs, and the other of a Carpenter’s Square, are to be loaded like the 
reft, with one or more Leaden Balls according to their Capacities. I 
fhall leave the reft of their Conftruction to the diligent and ingenious 
Workman. | 


COROLLARY II. 


Of the feveral Sorts of Lacings, Mattings, and Ligatures of 
Fire-Balls, and the Terms futable to each of them. 


] Find nothing more difficult in the right treating of Arts and Sciences, 
than to exprefs myfelf in proper Terms, and to call thofe Things by 
proper Appellations which we know nothing of but by continual hand- 
ling of them ; for fcarce can our Eyes (which are Witnefles and Exami- 
ners of Things) give a faithful Account of them to our Judgment. 
In truth, Manual Praétice is of fuch great Importance, and bears fo 
large a Share in all Arts, that if you cannot execute with your Hand 
what you have conceived in your Mind, you mutt look upon yourfelf as 
having a Soul without a Body. But as Defign and Drawing contribute 
greatly 
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greatly towards furnifhing us with proper Conceptions of Things, I 
have reprefented to you the feveral Sorts of Lacings or Mattings of 
Bails, in the moft familiar manner the Nature of the ‘Work would ad- 
mit of. 

Pyretechnicians have given Names to the feveral Sorts of thefe, ac- 
cording to the Fafhion they are wrought in: The firft and moft fimple 
of which you have in Fig. 136 and 138, which the Germans call Rezb- 
bont. The Second with its various Interweavings, which you have in 
Fig. 137, they call Pallen-bundt. That in Fig. 142 differs in nothing 
from this. In fhort, the ftrongeft and moft artificial of them, which 
you have in Fig. 140 and 144, the Firft being wrought in Fathion of a 
Rofe, and the other of a Snail, they call Ro/fen, and Schnecken-bunt. But 
I refer you to skilful Pyrodoli/ts for an ample Information of what far- 


ther relates to this matter; as for me, I am in hafte to do other Bu- 
finefs. 


CHAP. VI. 


Of a Wooden Ball filled with Hand-Grenado’s, or a 
+ Thundering Ball. 


UST as in Pyrotechnics, Hand-Grenado's are varioufly applied, fo 
J their Ufes in Warlike Occurrences are very different. You need on- 
ly have a skilful Artift to put them in Execution at proper Times and 
Places. Now of all the Contrivances for fhooting feveral Grenado’s at 
one Projection, I approve of the following the mott. 

Fig. 152» You fhall have an hollow Wooden Ball, whofe whole Height thall be 
to its Breadth (which muft be regulated by the Cakbre of the Mortar) 
in a Supertripartient Proportion; that is, as 7 is to 4, though a Se/gui- 
alteral Proportion might do pretty well. The Bottom of it thall be half 
a Diameter in Thicknefs, to be the better able to withftand the Shock 
of the Flafh, and fhall be rounded without and flat within. The 
Head or Cover of it muft be a Concave Hemifphere, and thall be fitted 
to the Body of the Bal/ by a very nice Joint. 

The Vent of it fhall have a Fuze made either of Wood, Iron or Cop- 
per, whofe Height fhall be half of the whole Cavity of the Bal/, and 
its whole Breadth thall be of the fame Dimenfions with the Sides of the 
Ball, which muft be + of the whole Diameter of it. This Fuze muft 
be filled with one of the ordinary Compoftions for Fuzes. 


$ Ith’nk this may as well be called a Thundering Ball, a3 a Barre! full of Grenado's is called 
a thindersn; Barrel, 
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The whole Body of it thall be filled with Hand-Grenado’s, and the In- 
terftices between them fhall be filled up with Corn Powder. Above all 
things you muft take Care, that all the little Fuzes of the Grenado’s be 
turned towards the Bottom of the great one in the Middle of them all; 
that they may not fail of taking Fire. 

The whole being thus ordered, and the Head of the Ba// firmly glued 
on; it fhall be dawbed over with Tar, and coated with a Cloth dipped 
in the fame: The Figure will give you a clear Idea of every thing re- 
lating to this: 


CHAP. VII. 
Of a Globe or Ball compofed by feveral others. 


TH IS Ball which I reprefent to you in Fig. 153, is nearly both in Fig. r¢3, 
Form and Effect like the Fire-Ball I gave you in Fig. 141: There- 

fore I fhall refer you to what I faid of that, in regulating the Propor- 

tions of the Leffer Ba//s contained in the Greater : But you muft at the 

fame time obferve the following Particulars: 

1, You may take Balls of what Sizes you pleafe; but the Thicknefs 
of their Shells fhall (according to our Figure) be ¢ of their Diameters, 
but it may be more or lefs if you pleafe. 

2. The Balls fhall be perfectly round, as well on Account of the Ca- 
pacity of that Figure, as for feveral other Reafons already given. 

3- The Hemifpheres of the three Balls B, C, D, fhall exadlly fic 
each other; but the Fourth, (v#z.) A, thall be only an Iron Grenado, 
whofe Convexity is armed with Leaden Bullets ; though by the way, 
the other three may be made of Iron if you think proper. But let us 
fappofe them to be of Wood (which will not be very defpicable :) You 
fhall fill them with Corn Powder, and fome of thofe Iron or Copper 
Crackers, which we defcribed above in Number 151, under the Letters 
D, E, H, 1, K, L; and then glew the Joints of their Hemifpheres 
carefully together : The Figure will teach you how to fix them in one 
another: But I muft warn you to let the Grenado in the leaft of the 
three be fixed and immovable, and to let the Head of its Fuze be 
placed exactly under the Bottom of the Fuze of the Balt it is contained 
in. Each of your Wooden Balls fhall be afterwards re-inforced with 
pliable Iron Plates of two or three Fingers Breadth, and then well 
coated round with a Tarred Cloth : Or they may be laced with a Cord 
like the Fire-Balls. If they are all made of Iron, you need only folder 
the Joints of the Hemifpheres ; though I am afraid the Soldering would 
break bv the violent Shock of the Fall: Therefore in fuch a Cafe it 

Aaaa would 
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would be proper to coat them with a Rofe Matting, which is the ftrong- 
eft of all. 

4. The Fuzes for thefe muft be in Proportion to the Sizes of the 
Balls, and in the fame manner as we have directed elfewhere, and filled 
with one of the ordinary Compofitions we have already given for the 
Fuzes af Grenado’s. 

It were needlefs to amplify upon the wonderful Effects of this com- 
pounded Ba//: Bur I will venture to fay, if it be thrown in this Condi- 
tion into the midft of the Enemy, fo as to take them unprepared, it 
will kill as nrany Men, and do as much Execution, as the Fire of an 
hundred Mufqueteers could do upon a whole Battalion. 

Obferve here in the firf# Place, that I have reprefented but three 
Balls inclofed in a Greater : But you may have more if you pleafe, pro- 
vided they are in due Proportions to that which is to contain them all, 
whofe Size muft be always regulated by the Calibre of the Mortar they 
are to be projected from. 

Obferve here in the /econd Place, That if you fhould not have Mortars, 
thefe Balls may be conveniently fhot from a Balifia ; if you think proper 
to revive the Ufe of that Machine: But I apprehend that this Proje& 
will excite the Laughter of fome poor Hearts, who cannot fee beyond 
the Tip of the Nofe; however, let them laugh or rail on, fince it is an 
unalterable Decree that Fools fhould always rife up againft Truth, and 
fince Ignorance fo weakens the Faculties, as to render them incapable 
of bearing the Light of Rea/on, who is the Daughter of Truth, who 
alfo is too bright and powerful for their weak Eyes, For my part, I 
have a due Regard fer the Judgment of thofe great Perfons, who had a 
perfect Knowledge both of the Ancient and Modern 4rts of War, 
without undertaking to perfuade thofe Spirits of Contradi€tion, who ap- 
prove of nothing but what.is done by themfelves, 

Obferve in the ¢hird Place, that thefe Balls may be projected by 
one or two Fires, juit like Grenado’s or Fire-Balls ; but they thall (if 
they be made of Wood) be re-inforced with fuch Iron Bafons as we 


formerly mentioned, ta enable them the better to withftand the Shock of 
the Flath, 


CHAP. VIIL 
Of FIR E-RAIN, 


pr ROBOLISTS, amongft many other Inventions, have contrived 
a certain artificial Fire, which they throw at a Diftance into- be- 
fieged Places, (and particularly when the Buildings are covered with 
Shingle and Laths, or thatched with Straw or Reeds,) which they call 
t Fire- 
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Fire-Rain, and which the Germays.alfo call Fewer Regen. The Pre- 
paration or Confection of this is very comamon, and well known, 

Melt 24 tb of Su/phur in a fhallow Earthen Pan, over 2 very cleas 
Fire, free from Flame or Smoke ; and as it melts throw into it 16 Ib of 
Saltpeter and mix them well together with an Iren Spatula: As foon as 
they are melted take them off the Fire, and add to them 8 Ip of Corr 
Powder; mix-them all well together, and being cooled pour owt this 
Compoftionupon Polifhed Marble, or Plates of any Metal; and.then di+ 
vide it into Pieces of the bignefSofa Walnut or Crab; and wrapping them 
up in Quick Tow, and falting them over with Meal Powder, put them 
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into a Wooden Ball, (fuch as you fee in Fig. 154, which muft be of Fig. 154. 


the fame Dimenfitions with the. Recreative.Aerial Balls, under Fig. 96, 
and 97.) and fill up the Interftices between with, good Corn Powder, 
and.cover them clofely and firmly up, and. coat the whole with a Tar- 
red Cloth. 

The Priming Chamber and Fuze thall be filled with one of thofe 
Compofitions which we ordered for the fame purpofe with regard to A- 
erial Recreative Bulls, or elfe with one of the common Fuze Compof- 
tions for Grenado’s. In fhort, as for any thing elfe relating to this Bal), 
I refer you to the Figures beforementioned. 

I muft only warn you of one thing, which is, that the Mortar muft 
he fixed at fuch.an Elevation that the Ba// may break in-the Air; upan 
which you will immediately fee a Rain of Fire, defcend, and {cat- 
ter abroad: Thus falling and {preading over feveral Buildings, it 
willfet. them on Fire with the fame Eafe and Certainty as if the whole 
Ball had fallen upon one in particular. 

Befides the above Compofition (which the Germans call Gefehmoltzen- 
zeug) you may ufe one of the following, which muft be prepared in 
the fame manner we juft now directed. 

I, 

Take of Sulphur 3 1b, of Saltpeter 1 tb, of Corn Powder.1 th, of 
Filings of Iron or Hammer-flaw ib fs, and of Powder of Glaft tb fs. 
II, 

Take of Sulphur 1 It, of Saltpeter 1 tb, and of Corn Powder 
1 Ib. 

Thefe two Compofitions I have borrowed from Yofeph Furtenbach, 
as well as the following; which become very Slimy and Vifcous, when 
diffolved by Fire, and that in fo remarkable a degree that what with 
their Slownefs and Tenacity, it is impeffible to tear them off from any 
Place after they have once ftuck to ic: Thofe who are knowing in 
this Art affure us(with our Author) that thefe Compoftions will burn 
through a pretty ftrong Iron Cuirafs; and having myfelf experimented 
them upon a Copper Plate of about the Thicknels of a Line, I can 
venture to recommend them to vou. 


Ill. Take 
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Il. 
Take of Sulphur 3}, of Galbanum Ziiij, of Saltpeter Ziiij, and of 
Corn Powder Ziiij. 
IV. 


Take of Sulphur 3v, of Saltpeter ij, of Colophone 2}, of Corn 
Powder Zits. 

In + La Port's Natural Magic we find two Compofitions exactly like 
thefe, which he gives us in the following Terms. Warlike Machines 
are fometimes charged with thefe Compofitions; from whence they fhoot 
certain Balls of Fire, which break; (Here he agrees very well with us) 
they are prepared as follows. This Powder ts wrapped up in Tow, fteeped 
in the Mixture we have already mentioned; (He juit before gives us a 
wonderful Compofition which burns in Water) they load their Machines 
with Balls feeped in this Mixture, and project them at the Enemy. Some- 
times inftead of Oil, and to make them more Fiery, they fubftitute Swines 
Fat, or Goofe Greafe, with Sulphur Vivum, or Quick Sulphur (which 
the Greeks call amuegy) Orl of Sulphur and Petrol; Saltpeter Aighly re- 
fined; Rofin of Turpentine, of Tar, Oil of Eggs, and fometimes to 
give it a Confiftence they add Rafpings of Lawrel or Bay: Thefe being fhut up 
ina Glafs Ve efel, muft be buried under a Dunghil or a Dung-heat Sor two 
er three Months, renewing it every Ten Days, and fhaking the Compofiti- 
on. After which if the Compofition be fired, it burns till it is totally 
confumed, and is rather increafed than repreffed by the throwing of Wa- 
ter upon it; but may be totally fuffocated by Dirt, Earth or Duft &e. 
If it falls upon Armour, the Men look asif they were on fire, and muft 
be either burnt alive, or elfe throw their Armour away. 

We fhall give you another whofe Effects are fill more extraordinary, 
Take of Turpentine, of Tar, of Varnith, of Pitch, of Frankincenfe, 
and of Camphire each one Part; of Sulphur Vivum 1} Part, of Salt- 
peter doubly clarified 2 Parts, of Brandy 3 Parts, with as much Oil of 
Petrol or Naptha; to which you may add a little Duft of Willow Coal. 
Mix thefe well together and make them up in Balls, or fill little Pots 
with them, and they will burn with inextinguifbable Rage. Whoever has 
the Leifure and Conveniency of trying thefe Compofitions will find 
them to anfwer what is faid of them. 


COROLLARY I. 


The Compofitions I have now given you (excepting the two laft, 
which I took from La Porte) muft neceflarily be melted, and well in- 
corporated together, in doing of which it muft be owned that you will 
run great danger of being burned; and I remember to have feen Py- 
robolifis who have met with that Misfortune for want of due Care and 


t Jo. Bap. De fa Port. Lib. IT, Cap. X, 
Pre« 
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Precaution. Now to avoid all fuch fad Accidents, I thall fubjoin a 
Compofition which ftands in no need of being melted at all, and is to 
the full as effectual as the Former. 

Take of Sulphur 16 Ib, of Saltpeter 8 If, of Crude Antimony 2 tb, 
and of Corn Powder 4 16; beat, mix and incorporate thefe well together: 
Then diffolve common Give in Boiling Water, or (if you will) Gum A- 
rabic, or that of the Plumtree or Cherrytree in Cold or Lukewarm 
Water, and pour it upon your Compoftion in a glazed Earthen Pan; 
mix the whole well together either with your Hands or a Spatula, and 
make it up in Balls of what Sizes you pleafe; or to expedite your Work, 
pour out your Compofition upon an Iron Plate, and cut it out in Lumps, 
and fet them to dry in the Sun, or in a Fire-pan, where they may dry 
by flow degrees. In fhort, when you would ufe them you muft ob- 
ferve the Rules already laid down for their Projection. 


ECEOROLLARY II. 


Hiftory will bear witnefs, that this Five-Rain which we have fo 
amply dwelt upon, derives it Origin from the Grecian Fire of the An- 
cients. Some (as I have already obferved Chap. I. of Book II.) attri- 
bute the Invention of it to one Marcus Gracchus; but fohammmp Zono- 
ras affures us it was invented before the Time of Conffantine Pogonatos 
Emperor of Greece. Nicetas Choniates in Iaacio {peaks thus of it. 
They threw among ft the poor Inbabitans of the Sea-Coafts a certain 
hind of Grecian Fire which was held in Pots, and which fuddenly broke 
out like Thunder, and fet Fire to whatever it could reach. 

Others have called this Grecian Fire wipuyges (which is as much as 
to fay) Wet Fire, becaufe it was obferved to burn upon Water, and 
powerfully to repel all Moifture. Now to keep my word with you, 
I thall give you the Confection of it, juft as I took ic from Scaliger: 
+ Now for Fires and Fiery Compofitions, which you undertake to inftruct 
us in; (he {peaks to Cardan) but I wonder you have not yet difcovered 
how they are called. We have many Writings extant which call them 
Grecian Fires; one or two of which I fhall willingly fubjoin, as I took 
them formerly from fome Arabic Books. Fire which deftroys Iron was invent- 
ed by the Son of Amram. Take of Tar, (ct is thus I interpret Zerf) of Gum 
Juniper, which is alfo called Samag Agar, and corruptedly Sandarax, Oij 
of Turpentine, Oil of Bitumen, Oil of Sulphur, Oil of Nitre, ov Salepeter; 
Oil of Eggs; and of Oil of Lawrel or Bay, each Six Parts. Powder of 
Dhmett or dry Bays, and of Camphire macerated in Brandy; of each ¥4 
Parts. Of Saltpeter; to the whole Weight of them all. Put all thefe into 
a Glafs Veffel with a narrow Neck well luted and flopped up, then bury 
it in Horfe-Dung for 6 Months. This Compofition fball be fhaken every 
Sourth Day, and then Diftilled int Seraphino. We have a Defcription 


+ Exercit. XIII, t-I take this Term to be of Hebrew Extraction, and to fignifie no 
more than diftilling it ever a Fire. 
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of another fort in the Catalan Tongue. The Refiduum of Turpentine af- 
ter the Oil of it is drawn off, Oil of Turpentine; of Tar, of Rofin or 
Pitch of Cedar, ¢f Camphire, of Bitumen, of Mummy, of New Wax, 
of Duck's Greafe, of Pigeon’s-Dung, Oil of Sulphur Vivum, Oils of 
Juniper, of Lawrel, of Linfeed, of Hempfeed, of Petrol, Oil of Tyles, 
and of Oil of the Yolks of Eggs, each half a Pound. Of Saltpeter 10 ib; 
of Sal Armoniac 7 Ounces. Let all thefe foak in Brandy in fuch manner 
as to be covered by it; then buried in Horfe Dung, and renew it every 
third Day. Then draw off the Spirit a Seraphino, which you fhall thick- 
en with Ox Dung reduced to a very fine Powder: It is this that Semimau- 
rus calls Miraculous ; either becaufe it takes Fire by the Heat of the Sun, 
or is not to be fuppreffed by any means, but by Vinegar, Urine, or Dirt: It 
burns obftinatelyin Water. Thefe Fires are thrown in Pots at the Enemy, 
which fort of Pots was called by the Greeks, aq iag@.. 

It appears then that the Grecian Fires had the fame Effect, and were 
applied to the fame Ufes as our Fire-Rain (namely) to fet Fire to be- 
fieged Places: But there is one Thing which I ftumble at; for to tell 
you the plain Truth, I cannot well conceive how this Fire could be 
hid and ftifled (as Nicetas Choniates fays above) fo as not to perform its 
Eff fore it reached the Place at which it was thrown. Were the 
Vefels it was thrown in contrivedafterfome fuch manneras thofe Grena- 
do’s which we have called Blind? Or were they made of Clay, and or- 
dered like our Fire-Pots with lighted Match, &c? Or (what Iam moft 
inclined to believe) did they fire the Matter in thefe Pots, before they 
were projected towards the Places they were defigned for ? 

For my part, I cannot perceive what fhould oblige them to break, if 
they were not made of Clay or Wood ; for it would be impoffible for 
this Igneous Stuff to break them by its own Strength, had they been 
made of Iron or Copper; inafmuch as its Power extended to a certain 
degree of Violence, and inafmuch as it was fufceptible of an inextin- 
guifhable Fire: For notwithftanding that it had a good Quantity of our 
Gun-powder Ingredients in it, (which I doubt) it would not be ftrong 
enough to burft Pots made of any hard Metallic Subftance, as is done 
by our Powder, to whom alone that Power is granted, and denied to all 
other Things whether Natural or Artificial, There have been thofe 
who have related Wonders concerning the ftrange Effects of durum Ful- 
winans, by which it feems even to furpafs Gun-powder (to which I have 
partly confented :) But as its Operations are directly oppofite to thofe of 
Powder, and fince it is of no Ufe in our Fire-Works, we will not give it 
a Place amongift thefe combuftible Things, But to return to our Gre- 
cian Fire; we have a familiar Inftance of the natural Imbecility of it, 
in our Pyrotechnic Compofitions which we call Slow, which (befides that 
they are compounded of fome of the fame Ingredients as the faid Fire,) 
are made up not only of Saltpeter but alfo of Meal Powder, and even a 
Portion of the fame in Corns; yet if you fill a Fuze or a Shell with 
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them, they will burn without doing the leaft Damage to the Veffels 
which contain them, except they are very thin and flight, or are not 
well re-inforced with a proper Coating, or except the Fire is too much 
confined. Moreover, we make Slow Compofition of Meal Powder only, 
which if it be put into Wooden or Paper Cafes, and fired, it will not 
in the leaft hurt them : How little then would it be able to burft Veffels 
made of Iron or Brafs, like our Grenado’s, which are with difficulty af- 
fe€ted even by our Corn Powder? For I muft remind you, that whenever 
the Corns of our Powder are disfigured, they are divefted of their 
Strength, and are fo far from being able to break Veffels made of Metal, 
that they would not {plit them if made of Wood, provided they are of 
moderate Thicknefs, well coated with tarred Cloth, and re-inforced 
with ftrong Cord or Marline. 

We will conclude then, that the Veffels which held the Grecian Fire 
were made of fome Wood or Metal, and that they were open, and not 
covered up like our Fire-Pots, which are at prefent in fuch great Requeft 
with us. Say we farther; that the Matter contained in them was co- 
vered by fome very Slow Compofition, to prevent the Fire from feizing 
upon it, before it had arrived at its intended Length. Or elfe we mutt 
believe, that it was covered by fome fort of Spunge, or that it had 
lighted Match in the Mouth of the Veffel, which perhaps was covered 
with a Cloth, or fome loofe Wooden Lid; and thus the Matter being 
accended, flew out impetuoufly, and confequently burned and deftroyed 
every thing within its reach, 

However I do not deny, but thofe who ufed this Compofition might be 
ingenious enough, to contrive that thefe Pots of Earth or Wood fhould 
break in the 47, from whence the Matter they contained, falling and 
fcattering abroad unlighted; it would be impoffible to fee it fall, or to 
diftinguifh it after it was fallen, and accordingly at firft it did no Da- 
mage: But being foon afterwards kindled by the Heat of the Sun 
(which is not impoflible, according to Scalger) or accended by the 
Wind, or Rain, or Dew (I fhall give you fome fuch Compofitions here- 
after) it muft confequently take Fire, and burn whatever it fell upon. 
Now perceiving that Compoftions of this Nature made into Lumps or 
Cubes, and fhut up in a Wooden Ball, may be {cattered abroad in the 
Air by Gunpowder, and fall down lighted or unlighted into befieged 
Places; I thought it would not be amifs to infert the following Compof- 
tions, and to inftruét you in the Confection of them, according to the 
Directions left us by Authors; notwithftanding that what I have already 
given you from Scaliger is none of the moft unfit for our Purpofe. 

La Porte faith: ++ There is a Compofition which catches Fire by the 
Heat of the Sun; particularly in thofe Regions where the Sun is very pow- 
erful; which muft be compounded of very Igneous Ingredients ; for Ex- 


+ Joh. Bap. de !a Port, Lib. I, Cap, X, 
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ample: Take of Camphire, of Sulphur Vivum, of Turpentine, of Gum Ju- 
niper,and Oil of the Yolks of Eggs; together with Tar ; Powder of Colophone, 
of Saltpeter, and of Brandy to the double of them all, and a little Arfenic 
with as much Tartar: All thefe being pounded and well mixed, put them 
into a Glafs Veffel, and bury it for two Months under a Horfe Dung-bill, 
which muft be frequently renewed, and the Compofition as often fhaken: 
Then draw off the Liquid Part of it in the fame Veffel it had been buried 
in, (as we foall fhew hereafter) which Liquid fhall be thickned with fome 
of our Powder (he means a certain Powder which he had juft before 
mentioned for Water-Balls) or with Pigeon’s Dung finely pulverized, fo 
as to give it a pretty denfe Confiftence. (This may be made up in little 
Lumps.) With this dawb over all the Wooden Work or combuftible part of 
a Houfe upon fome hot Summer's Day. All this is afcribed to Marcus 
Gracchus. Pigeon’s Dung is of avery fiery Nature : (I muft obferve 
here that the Dung of Geefe, Ducks, Hens, &c. being well dried, is 
alfo very combuftible ; but he goes on) Galen relates, that in Myfia, 
which is a part of Afia, there was a Houfe burnt by the following Accident. 
AA Parcel of Pigeon’s Dung being thrown under a Wooden Window, which 
had been lately done over with Rofin, fo as to touch it: This Dung being 
rotted, and much heated by the Sun upon a very warm Day, and emitting 
very bot Vapours, the Window took Fire, which foon after got bold on the 
Roof, andin a little time fpread ail over the Houfe. 

The fame Author faith in the fame Place: That if you would make a 
Fire which fhall be extinguifhed by Oil, and accended by Water, you muft 
confett it of fuch Things as burn the moft readily in Water, or that burn 
in it of their own Accord, fuch as Camphire aad Quick Lime: From 
whence it 1s that if you make a Compofition of Wax, Petrol, and Sul- 
phur, it will be extinguifhed by Oil or Dirt ; but if you throw Water upon 
it, 1t will revive and burn with renewed Vigour. Of this Compofition 
they make Torches which burn in great Rains, or in crofing of Rivers. 
Livy ¢ells us, that certain old Women, at a time when they were celebrating 
their Games, took Torches made of this, and fwam over the Tyber with 
them, by way,of Miracle. 

Cardan faith: + That Water accends violent Fires; becaufe the Mui- 
Jiure it exhales 1s rendered more Fat and Greafy, and is not wafted or de- 
Stroyed by circumfufed Smoke, but ts totally devoured by the Fire; from 
whence being purified, and united by the Cold, it fprings up with the greater 
Alacrity ; and therefore thofe Fires which are excited or accended by Wa- 
ter, foall be compounded of Ship or Greek Pitch, of Sulphur, of the Lees 
of Wine, commonly called Tartar, Sarcocolla, Saltpeter and Petrol : (all 
this is attributed to Marcus Gracchus.) To thefe muft be added a double 
Portion of Quick Lime, and the Yolks of Eggs ; the/e mujt be mixed well 

together, and buried in Horfe-Dung. 

ee ee Ee ea reer eee Pte 

7 Card, Sube, 
The 


Book IV. Of the Great Art of ARTILLERY. 


The fame Author in the fame Place: Take Oil of Petrol, Oil of Ju- 
niper and Saltpeter, of each equal Parts ; of black Pitch, of the Greafe of 
Geefe and Ducks, of Pigeon’s Dung, of Liquid Varnith, the fame Parts 
of each; of Afphaltites or Bitumen five Parts; put them all into Brandy, 
and bury them in Horfe-Dung. 

The fame Author in the fame Place again: Take of Liquid Varnith, 
of Oil of Sulphur and Juniper, Oil of Linfeed and Petrol, and of Tur- 
pentine, egual Parts of each ; of Brandy 3 + Parts : Then of Saltpeter and 
dry Lawrel Wood both well powdered, enough to thicken the Whole, and 
give it the Confiftence of a Lute. Put all thefe into a Glafs Veffel, and bu- 
ry them three Months in Horfe-Dung. If the Balls made of this flick to 
any Wood, they will be accended by Rain: However, they will not always 
anfwer to this Effect; but being once enkindled, they never fail to burn in 

Juch a manner, that it will be to no purpofe to endeavour at extingui/bing 
them by Water. 

Scaliger faith: + I afterwards met with a little Book which teaches how 
to make feveral Sorts of Salt, and Alum, and to confeét a Fire which will 
be accended by Spittle, and was frequently ufed by Thieves and Robbers: 
(Pyrobolifts may ufe this in the honourable Robberies of War.) Take Oil 
of Sulphur, of Turpentine, of Cedar, and Tar, of each 14 Ounces; of 
Saltpeter 16 Ounces; Sal Armoniac, Vitriol, calcined Tartar, ofeach 
8 Ounces; calciried Loadftone, Quick Lime of River Pebbles, of each 
balf an Ounce; Tallow and Duck’s Greafe, of each 6 Ounces. Being all 
covered with Brandy, bury them in Horfe-Dung for three Months, (in the 
Margin it was written in the { Dung of a Mare with Foal.) It muft be 
fhaken every fourth Day; then heated over a Fire that the Liquid Part of 
it may evaporate, and the Feces or hard Part remain bebind : Then break 
the Veffel to get at it, and pulverize it. If the Powder of this be feat- 
tered over Water it burns vehemently. This I have inferted to evince bow 
great an Enemy I am to ‘fuglers and Mountebanks; upon which Account 
alfo I foall add a Fable framed by Ct. Cnidius: his worthy Gentleman 
pretended that be knew how to extract an Oil, from a certain River Worm 
of India, with which the Kings of Perfia ufed to burn the Enemy’s Towns, 
by only dawbing or {prinkling them over it. 

ft lian, Lib. V. Hift. Arim, Cap. V. & Ammianus Lib. XXIII relate ; 
That the Kings of Perfia ufed a certain O7/ with which they fet Fire to 
‘Towns, and burned down their Gates, and that it was impoffible to 
fupprefs the Flame of it even with Water, it being naturally able to 
withftand the Effects of that Liguid Element. This O:/ was made of 
Petrol or Naptha. But if what Ct. Cnzdius fays of this Perfian Oil ap- 
pears fabulous to Scaliger, what would he have faid of a certain Water 
mentioned by Leonard Fronsberger, which has fuch an extraordinary 


¢ Scal. Ex, XIII. _  ¥$ The Original has it: Cooperta omnia fepeliantur in equi ventre 
per menfes tres, in margine feriptum fuit, in equa fate ventre, . 
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Property, that if a Piece of Cannon be charged with it, it will project a 
Bullet to the Diftance of 3000 Paces? He orders it to be compounded of 
6 Parts of a Saltpetrous Lixivium, 2 Parts of Oil of Sulphur, 3 Parts of 
Water of Sal Armoniac, and 2 Parts of Oleum or Ballamum Benedittum, 
For my part, I can fay nothing of this till I have made the Experiment. 
But upon the Whole, I do not apprehend that Scaliger had any great 
teafon either to fay or believe, that what he fpeaks of above is a Forge- 
ry and a Jugling Trick ; for Iam perfectly of Opinion, that it is not 
impoffible to be true; and you may venture to think it a Fatt, fince I 
myfelf have found by Experience, that it is an eafy matter to make Com- 
pofitions, which will immediately catch Fire by fprinkling them over 
with Water, and break foon afterwards into a Flame, without the leaft 
Application of any Fire whatfoever to them. Now this Accenfion is 
purely owing to Quick Lime, to which you add certain Portions of hot 
and fiery Subftances: I fhall give you two of thefe Compofitions of my 
own Invention, and which I have tried myfelf. 
1. 

Take of Saltpeter 10 1b; of Sulphur Vivum 6 IL; and of Quick Lime 
20 Ib. 

II. 

Take 6 tb of Saltpeter; 4 tb of Sulphur; 1b {% of Frankincenfe; tb fs 
of Linfeed Oil; % iiij of Oil of Petrol; 8 tb of Gun-powder ; 12 tb of 
Quick Lime ; and one tb of the Fuice of Onions, 

The two following are from Fronsberger. 


Take equal Portions of Copperas-Water, Sulphur, and Oil of the Yolks 
of Eggs, and putting them into a glazed Earthen Pan, fry them over a 
good Coal Fire, till they have acquired the Confiftence of a Conferve ; 
then add to them a fourth Part of Wax, and incorporate them well to- 
gether: Preferve this Compoftion in an oiled Bladder, and ftop it up 
clofely with Wax fo as no Air may have accefs to it. Our Author af- 
fures us, that this Mixture being expofed to the Wind in any open 
Place, it will take Fire, and that being wetted by Rain, it flames out, 
and that the Fire of it {poils, deftroys and devours every thing within 
its Reach. : 


Take Quick Lime of Venice,Gum Arabic, Sulphur, and Linfeed Oil, equal 
Parts of each ; incorporate them well together ; and when you have a 
Mind to make Tryal of the Effects of this Mixture, fprinkle it over 
with a little Water, and it will be lighted, and dart out Flames on all 
Sides, 

To thefe two I fhall add a Third and Fourth, taken from $erome 
Ruffel an Italian: The firft of which is the Compofition of a Stone, 
which being put into Water, or only moiftened with Spittle immediate- 
ly takes Fire. Take then Quick Lime, Tutia unprepared, Saltpeter fe- 

veral 
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veral times clarified (according to the laft Method I gave you) and 
Loadftone, of each 1 Part; Sulphur Vivum and Campbire, of each 2 
Parts: Put them into a narrow Earthen Pot, and this Pot into a large 
Crucible, and cover it with another of equal fize; tye them faft toge- 
ther with Iron Wire, and lute the Junctures well up, that it may be 
impoffible for any Air to infinuate itfelf; in fhort the Lute being 
thoroughly dry, you fhall fer thefe Crucibles into a Lime or a Brick 
Kiln, and as foon as the Lime or Brick is fufficiently burned, take 
your Crucibles out and break them, and you will have an hard Body 
like a Stone. 

The other of this Author’s Invention is thus; Take of Oleum Be- 
nedictum 1 ib, of Linfeed Oil 3 tb, of Oil of Eggs 1 tb, of Quick 
Lime 8 ib: Mix and incorporate all thefe together according to Art. 
He affures that if any Thing whatfoever is {meared over with this it 
muft infallibtly be burned, nor can the Fire of it be fuffocated by any 
means, particularly if never fo little Rain falls upon it. There are 
thofe who attribute the Invention of this to Alexander the Great. 

Thofe who would be farther informed of this Matter, may confult 
thefe Authors, who will give them all the Satisfa¢tion they can with. I 
fhall only fay that thefe Compofitions, when well prepared and proved, 
may be applied to feveral Ufes in Pyrotechnics; for befides the feveral 
purpofes for which they were invented, they may ferve to burn any 
thing in Water. Thus if you would burn a Wooden Bridge, you may 
at Low Water, fend little Boats or Wooden Chefts down the Stream 
towards it, well bound with Iron, and filled with Hand Grenado’s, 
the Interftices between which may be filled up with one of thefe Com- 
pofitions, taking care that thefe little Veffels or Chefts be well fhut up, 
and payed with a good Coat of Pitch, leaving only a very little Hole, 
through which the Water may infenfibly drop amongft the faid Mix- 
ture; and taking care to order the whole of it fo that it be exactly of 
the fame Specific Gravity with Water, for Reafons formerly given, 
that it may with the more eafe be carried by the Stream to the Bridge you 
have a Defign upon; which your Chefts may catch hold 6n by Hooks 
or Graples artfully contrived for that Purpofe, till the Grenado’s take 
Fire by means of the Compofition by which they are encompafied round, 
and by their ufual Effects ruin and demolifh the Bridge they ftick at. 

If your Curiofity inclines you to fee thefe little Veffels fwimming un- 
der the Surface of Water, you may find them in Merfennus in his Co- 
roll. Il. Prop. 49 of his Hydraulics, and in Book Il. of his Art of Na- 
vigation; as alfo in Harmon Prop. 6. Advert. V. From whence the 
Ingenious ‘Pyrobolif# may furnith himfelf with a great many fine Hints; 
and puc them in practice in his Artificial Fireworks. For my part, I 
thall content myfelf with having pointed out to you the Places where 
you may find them, _ . . 
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CHAP. IX. 
Of LIGHT BALLS. 


| the Firft Part of this Book, in Chap. Ill. and Coroll. 1. we fhewed 
you how to prepare Recreative Light Balls: I am now going to give 
you the Military Sorts of them, which are more dangerous and better 
adapted to do Execution in the the Occurrences of War. They are thus. 


SORT I. 


Take equal Quantities of Su/phur, Pitch, Rofin and Turpentine, and 
meltthem in a glazed Earthen, or Brafs Pot: Then take a Ball either 
of Stone or Iron, whofe Diameter is fomewhat lefs than the Ca/sbre of 
the Mortar or the Cannon it is to be fhot from, and dip it all over in 
this Melted Stuff; which done, take it out and row] it gently in Corz 
Powder. Then wrap it up in a Cotton Cloth, and immerge it again 
Into your Compofition, and taking it out again rowl it a fecond time in Corn 
Powder, and wrap it up again ina Cotton Cloth; in fhort, repeat this O- 
peration till your Ball is of due Size: But you muft take care that the 
Laft Cruft or Coat of your Ball be of Corn Powder. Being thus ordered 
fix ic in your Mortar or Cannon naked as icis, without any farther Cove- 


Fig. 1ss.ring, and projet it where you pleafe. See Fig. 155, diftinguithed by 


Letters A and B, 


SORT If. 


Take of clarified Saltpeter 1 Part, of Sulphur 1 Part, of Orpiment 

1 Part, and of Pitch 1 Part, of Colophone + Part, of Varnifh in Grains or 
Gum uniper 1 Part, and of Frankincenfe 1 Part. Reduce thefe In- 
gredients to a fine Meal, and incorporate them well together. Then 
take of Turpentine 1 Part, of Mutton Suet 1 Part, and of Oil of Pe- 
trol + Part: Melt thefe in an Earthen or Copper Pan over a ilow Fire, 
and as foon as they are melted, throw the above pulverized Compofition 
into them, and mix them all together. In fhort, throw in a good quan- 
tity of Flax, Hemp, or Cotton amongft them, to give the whole fuch 
a Stiffnefs, as to bear making up in Balls; after which make it up in 
Balls accordingly, of what Sizes you pleafe. Thefe may be thrown 
amongft the Enemy when they are in the Ditch, or at the Foot of 
a Rampart, or preparing for an Affault; they will alfo ferve to annoy 
thofe who are at work upon the Galleries, or who approach you by 
Sap to lodge themfelves in the Mines: By their Brightnefs they will 
6 alfo 
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alfo fhew you whatever is doing without your Walls; in fhort, thefe 
Noéturnal Lights will difcover to you all the Enemy’s Contrivances 
and Stratagems, to compafs the Ruin of your Fellow-citizens and 
yourfelf. They moreover will not only ferve to light you in the Night, 
but burn moft outrageoufly and deftroy every Thing that is within the 
Sphere of their Action. 

If the Exigence of Affairs requires you to form very large Balls of 
the above Stuff, fo as to fit the Orifices of Mortars or Great Guns; you 
may order them with the fame Eafe as we did thofe of the Firft Sort. 
Thefe will be particularly ufeful, to throw into the Enemy’s Lines, 
when they begin their Approaches afar off, or to any of their diftant 
Works which are out of the reach of your Arm; that you may by 
them difcover what is hid from you under the Veil of Night; and at 
the fame time by illuminating all the circumadjacent Country, prevent 
the Befiegers Defigns, or give you timely Notice of them. But I muft 
caution you to reinforce thefe great Bal/s with ftrong Marline, or with 
a Network of Iron or Latten Wyre, for fear they fhould be difperfed 
in their Projeétion, or fly to pieces in the Air, inftead of remaining 
whole and entire as they ought. 

If thefe Compofitions are too dear for you, you may ufe the following, 
which are cheaper, and to the full as effectual. 

Take of Sulphur 10 1b, of common Pitch 4 Ib, of Colophone 1 1b, 
of Saltpeter 2 tt, and of Suet or Tallow 2 tb. Melt all thefe, and add 
to them 1 Ib of Coa/, and mix the whole very well together over a 
Fire ; then take it off, and throw 3 15 of Meal Powder into it; but not 
all at once, but at feveral Repetitions, continually ftirring and mixing 
it with the other Ingredients: To this you fhall add Tow as before, 
and make it up in Balls. 

Or elfe take of Colophone 1 If, of Sulphur 3 Tt, of Saltpeter 1 Tb, of 
Coal x tt, anda little Crude Antimony. Proceed with this as before: 
This was invented by Fron/perger, from whom Brechtelus borrowed it. 


SORTS III and IV. 


Thefe Light Balls may be fo contrived as to be of a Mortal Nature, 
and by that means ferve in a double Capacity, of difperfing Darknefs, 
and deftroying the Enemy. This was formerly put in Execution by 
the Dutch (as we are told by Dregus Ufanus, in Treat. Il. of his Artil- 
lery, Chap. XX.) at the Famous and Memorable Siege of Offend, from 
whence they threw Light Balls (prepared as we fhall fhew you) which 
did prodigious Mifchief to the Befiegers. There is nothing difficult in 
the Preparation of them. You need only take an Hand Grenado 
armed on the Outfide with Mufquet Balls, or larger if you will; (fo that 
the whole be nicely adjufted to the Calibre of the Mortar or Gun.) 
Having {topped up the Vent of your Grenado with a Wooden Stopple, 
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you thall coatit over with Tow fteeped in one of the aforefaid Compofitions 
tothe Thicknefs of two Fingers, and then pulling out the Stopple fill 
it with Cory Powder ; and coat the Vent of it over as you did the reft of 
its Circumference, and rowl it in Meal Powder; in fhort, you thall 
fecure the Coating upon it with Marline or Wyre, as we faid before. 

Thefe Bails may be likewife prepared after this Manner: Take a 
certain quantity of Iron Crackers loaded with Corn Powder and Leaden 
Bullets; and with a Wyre, Cord, or Cat-gut, bind them together in 
fuch form that their Orifices being alternately difpofed, they may ap- 
pear like a Radiant Sphere or an Hedge-Hog: the Interftices between 
thefe Crackers fhall be filled up with Meal Powder fteeped and kneaded 
in Brandy, in which has been previoufly diflolved {ome common Glue, 
or any fort of Gum, In doing this you muft take care to make it into 
a perfect Sphere. Then giving it a Coat of Cotton Cloth, dry it in the 
Sun, of in a Fire-Pan; and proceed with it according to the Method 
we have already laid down. See more concerning thefe Balls; in Di- 
egus Ufanus Treat. Tl. of his Artill, Chap. XX and XXI, and in Han- 
zelet’s Artill. Page 187 and 211, In Brechtehus Part I. of his Artil. 
Chap. 1 and IV; and Fronsberger’s Artil. Part. Wl. Page 194 and 196. 
The laft of thefe Authors, in the Place I have now quoted, will in- 
ftruét you in the Preparation of a Bal! which not only burns ina fright 
ful manner, but alfo ferves inftead of Crow-Feet. This is the order he 
obferves. Take a Wooden Ball and arm it all round with fharp Iron 
Spikes, taking care that the Points of them which are driven into 
the Wood tend all ta the Center of the faid Ba//, and that their out- 
ward Points be about one or two Inches from one another, juft 
after the manner of a fleeping Hedge-Hog. Being thus ordered, the Inter- 
ftices between the Spikes, fhall be filled up with Tow fteeped in one 
of our Liquid Compoftsous, but not fo as to cover the Points of 
them, which muft rife out to the Height of half a Finger’s Breadth 
above the Tow. For any thing elfe relating to this you may confult 
the Author himfelf. Befides the Pyrobo/ic WritersI juft now mentioned, 
you may upon this Subject turn over “ferome Catanenus’s Examination 
of Artil. Page 37. Yerome Rufel’s Precepts of the modern Arts of 
Wear, Page 11, 32 and 33. And Eugentus Gentilinus’s Inftructions in 
Artillery, Chap. UX. and feveral others. 
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CHAP. X. 


Of Smoke Balls, which she Germans call Dampf and Blend 
Kugelen. 


W® have oftentimes recourfe to Darknefé in the Occurrences of 
War, as well as in the Perpetration of feveral other Matters; i 
do not here mean the Gloominefs and Natural Darknefs of Night; but 
fuch as is Artificial, and which, according to fome Rudes of our Art, is 
caufed to remain for fome time in narrow Places; whether it be that 
the Befieged would blind the Enemy in the midft of an Attack; of 
whether the Befiegers, to favour or facilitate their Affaults, would ovet- 
whelm the Befieged with a thick offenfive Smoke, and by that meahs 
take them like Fith in troubled Waters. To this Purpofe we have 2 
Way of preparing Balls which during their Combuftion caft forth 2 
Noifome Smoke, and that in fuch Abundance, that it is impoffible to 
bear it. You are to proceed thus: Take of common Stone Pitch 4 ib; 
of Tar 2 1b, of Colophone 6 tb, of Sulphur 8 Ib, and of Saltpeter 36 tb: 
Mele all thefe Ingredients together over a Fire; and then add to them 
10 lb of Coal; 6 «3 of the Sawduft of Pine or Fir, and 2 th of Crude 
Antimony; incorporate all thefe together; which done, throw amongft 
them a fufficient Quantity of Flax or Hemp : Your Tow being fteeped a 
due time, and having imbibed enough of this Liguifed Compofition, 
make it up in Balls either to be thrown by Hand, or fhot from any Ma- 
chine. As to any thing elfe relating to this Matter, you are to obferve 
the Rules we have already laid down in the Preparation of Light-Balls. 
This is the right Method of introducing Night at Mid-day, of inter- 
cepting the Sun-Beams, and depriving the Adverfary of the Benefic of 
Eye-Sight: And the Practice of this is the more lawful, inafmuch as it 
is an Imitation of Nature, and may with Honour be executed in a righ- 
teous War. But I banifh all unlawful Practices from the Chriftian Arts 
of War; and efteem thofe 4rts as infamous, which are founded upon 
+ Charms, Sorcery, and the Invocation of unclean Spirits, together 
with feveral other abominable Superftitions which muft be hateful to 
God, odious to Men, and undeferving the Title of Art. It is with Hor- 
rour that I refle& upon the Fafcinations of the Mofcovites, Tartars, and 
even of our Coffacks, But not to dwell on the damnable Abomimations, 
and horrid Impieties, perpetrated by thofe Wretches with the Affiftance 
of Infernal Powers ; I fhall only curforily fay that they are moft deeply 


¢ Here we muf allow for the Prejudice and Superftition of our Author's Religion, 
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verfed in Sorcery, and all the Arts of Hell, and can raife Fogs, Storms, 
and darken the Light of the Day by means of thick Mifts to fuch a 
degree, as to prevent you from feeing fuch Things as are neareft to you: 
In fhort, one would think that they had been perpetual Students under 
Zoroafter the Baétrian; or that they had been bred up in the very Re- 
ceffes of Pluto himfelf: But as thefe Monfters are forfaken of God, and 
alienated from his Grace, when they refort to this Diabolical Science for 
a fuccefsful Iffue to their Wars, they ceafe to be under his Divine Pro- 
teCtion, and meet with Events futable to their Wickednefs. I could 
produce many Examples recorded in our Hiftories to corroborate the 
Truth of: what I have here faid; but fhall content myfelf with giving 
a fuccin& Narration of a prodigious and miraculous Victory which God 
was pleafed to give us, over + 800,000 Crim and Precopian Tartars, 
near a fmall Town in Podolia called Ochmatow, in the Year 1644. 
Thefe Barbarians then by their Diabolical Incantations, fuddenly raifed 
fo thick and frightful a Fog, that we really thought Nature had inverted 
the common Order of Things, and had turned the Day into Night. By 
this means our 4rmy (which was {mall in Number but great in Heart, 
under the Conduét of that Thunder-bolt of War, Staniflaus Koniece 
polski, formerly the King of Poland’s General,) was wrapped in Mift, 
and wandered up and down the Country, and marched feveral Miles, 
before we could overtake, or fall in with thofe Mifcreants, to give them 
the Chaftifement due to their Demerits, and to take Vengeance on them 
for the Evils they had created us. But we found that the Confidence 
we had repofed in Heaven did not prove ineffectual; for no fooner did 
we get Sight of the Villains, than the Sun entirely difperfed the Fog, 
(under the Covert of which they had committed the moft horrid Bar- 
barities;) fo that enjoying compleat Day-light again, we foon expe- 
rienced that Heaven had not abandoned us in our Extremities: In fhort, 
to fay that in few Words, which many have related with Prolixity: I 
was prefent, I was an Eye-witnefs of the Fact, and our God difcom- 
fired them, 


CHAP. XI. 
Of POISONED BALLS, 
OF the many laudable Military Laws and Regulations, which were 


eftablifhed amongft the ancient Germans ; and which they obliged 
their Pyrotechnicians to bind themfelves by an Oath to obferve ; the fol- 


F In-the Book it is 30,009, which is more likely, but the Table of Errata will have it $00,000, 
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lowing were none of the laft nor moft inconfiderable (fee Brechtelus 
Part Il. and Chap. IL.) namely ; That they fhould never prepare any 
Fire-Works that fhould be any ways hurtful to any Perfons or Things: 
That they fhould not fire any Cannon in the Night-time: That they 
fhould not clandeftinely hide Fires in fecret Places: But above all, That 
they fhould not prepare any Poz/foned Balls, nor ufe any fort of Venom 
in their Compofitions, or upon any other Account whatfoever that might 
affect the Life of Man ; for the firft Profeffors of our Art looked upon 
all fuch Actions to be as heinous in themfelves, as they were unworthy 
of a brave Man and a true Soldier; and fcorned to deftroy their Ene- 
mies, by fuch ungencrous and unmanly Stratagems, fince they might 
annoy them a thoufand Ways in honourable open Combat: Therefore 
fince all Laws, Divine and Human, do in the ftricteft manner forbid us 
in our Civil Capacity to have recourfe to fuch inhuman Artifices ; and 
fince they have ordained corporal Punifhments to be inflicted on thofe, 
who to gratify their Lufts, make any hurtful Ufe of Poifon, Charms, 
Incantations, &c. how much more ought thefe Laws to be obferved, 
and how much more are fuch Practices to be fhunned in our Military 
Capacity ? Which is not a State of unbridled Licence, or infamous un- 
ruly Diffolutenefs; but on the contrary, a State of the ftriéteft Honour, 
the moft unfhaken Fortitude, the moft conftant Magnanimity, the moft 
fincere Probity ; in fhort, the State of War ought to be as it were a 
Theatre of all Sorts of Virtue. As for private Arms, which are no 
other than the mere Produétions of Art, I do not in the leaft difapprove 
of them, nor will I rank them among fuch Things as are unlawful; for 
we have the Authority of very great Captains who have put them in 
practice, and greatly commended them, upon which Account I fhall 
venture to fhew you fomething farther of them in this little Work: But 
I will by no means admit Pozfoned Balls into the Clafs of Warhke In- 
ventions, nor allow the Ufe of them toa Soldier, who as he is a Man of 
Generofity, and much more as he is a Chriftian, ought to abhor the 
very Thoughts of murthering his Neighbour with an invenomed Wea- 
pon. Sure, the fertile Malice, and the continual Experience and Exer- 
cife of Mankind in fucceffive Bloody Wars, ever fince the Halcyon Days 
of the Golden Age, have furnifhed us with Arms fufficient either to 
offend our Adverfaries, or defend ourfelves againft them! Let us not 
therefore in fhedding the Blood of our Brethren indanger our own 
Souls. 

But after all it muft be allowed by what we can gather from the Hi- 
ftorical Records of the Wars in the eéarlieft Ages of the World, that 
thefe Poz/oned Balls need not appear fo heinous to us; and we find that 
the moft {crupulous Confciences did not boggle at the Ufe of invenomed 
Weapons in former Days; nor need the ftricteft Chriftian refufe or re- 
je&t them now, provided that he does not ufe them in a War againft 
thofe of his own Faith, but referves them for TJ, artars, Turks, and 
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other Infidels, who are {worn Enemies both to the Chriftian Name and 
Religion ; for thofe we may fafely exclude from the Number of our 
Neighbours. Now thefe Balls, are fuch as in their burfting or burning, 
taint the Air to a degree of Mortality ; for we are taught by Expe- 
tience, and affured by the Learned, that the Poifonous Suffumigations or 
Effiuvia of fuch Things as you muft ufe for thefe Balls, deftroy the 
Health of Man, ftrike at the very Principles of Life, and confequently 
extinguifh the Animal Spirits which keep the Soul confined to the Body. 
But by the way, you muft believe, that fuch Peftilential Vapours can- 
not be very effectual, except in fome clofe covered Place; for I doubt 
of the Service of this Contrivance in any open Place, fuch as a Town 
or Fort which lies expofed to the Wind and Flux of the 4#r: Upon the 
whole, I can fay nothing certain upon this Head; and can only guefs at 
what might be the Effects of it, from what little Knowledge I have in 
Natural Phslofephy; but a few Experiments will inform you of every 
thing you can defire to know concerning it. 

One Evil generally draws a Thoufand after it: Thus Mankind did 
not think the bare Invention of Bows and Arrows fufficient; (which the 
Ancients held to be of divine Contrivance, and accordingly Diodorus 
Sze. afcribes them to Apollo, and Pliny to Scythes the Son of Fupiter ;) I 
fay they did not think their Arrows fimply of themfelves, to be fuffi- 
ciently dangerous and hurtful, but they muft likewife be fteeped in Poi- 
{on as well as their other Arms, to render the Wounds of them the 
mcre certainly mortal. We have the Teftimony of feveral Authors to 
prove the Antiquity and Ufe of this Contrivance; and amongft the Reft 
in Pliny Lib, XI. Cap. LUT, where he treats of the Scythians ; in Pau- 
ins Aigin. Lib, VI. Cap. UXXXVIM, where he {peaks of the Dacians 
and Dalmatians ; Theophraftus, Lib. Plant. 1X. Cap. XV, where he dit 
courfes of the #threpian and Barbarian Wars in general ; Diofcorides 
Lib, VI. Cap. XX. In hort, Virgil in his Aeneid Lid, IX. {peaks thus: 


Ungere tela manu, ferrumque armare veneno. 
In Englifh: 

In Darts invenom’d, and in Poifon skill’d. Dryden, 
And in Lid, X. 

Vulnera dirigere & calamos armare veneno. 
In Englifb : 


Directing Ointed Arrows from afar ; 
And Death with Poifon arm’d. Dryden. 


And 
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And in Zid, XI. 

Non fecus ac nervo per nubem impulfa fagitta, 

Armatam fevi Parthus quam felle veneni, 


Parthus five Cydon telum immedicabile torfit. 


In Englifp : 


— by far more flow 

Springs the {wift Arrow from the Parthian Bow, 

Or Cydon Eugh when traverfing the Skies, 

And drench’d in pois’nous Juice the fure Deftruction flies. Dryden. 


Ovid de Trif. Lib. Til. 

And Svfius alfo Lid, 1. 

Homer {peaks thus in his Odz/y. 1. 
Dapuanor avderperey dil t8uQ-, oes o1 en 
"Les yeleday 


In Latin: 

Pharmacum, mortiferum quarens, ut ei effet unde fagittas oblineret. 
Ia Enghb: 

Seeking a deadly Drug wherewith t’ infe& his Darts. 


Thus by the Hint we have taken from the Practice of former Ages, 
Men dye a Triple Death ; for the Bui/ pierces the Bedy, the Poifoz co- 
agulates our Blood, and the Fire burns us up. 

Certain it is, that the firft Inventor of our Gas-powder is highly 
blameable, for having introduced an Invention of fhooting Bullets by 
the means of Fire; but thofe are {till worfe who added Poi/éx to thofe 
Balls, as if fimply of themfelves they were not fufficiently morcal. 
From hence are derived our Porjoned Balls in Ufe amongft Pyrobolifs, 
and hence the Venomous Builets in Vogue amongft the Modern Soldiery. 
But before we enter in earneft upon this Subject, I muft beg your At- 
tention to Ni Fofeph Quercetan faith, who was a very famous Phyfi- 
cian, (vz. 

+ That we may not anfwer this Quefion abfurdly, I fhall ingenuoufly 
confe/s, that Lead fimply confidered as to sts own Nature, has no infectious 
Effect upon Wounds, nor mever bas, except it be vatwerdly infected by any 
poifonous TinGure, and that it con be infected no-body will deay: For I 


¥ Jol. Quercet. in Libelle Sclopeiario. 
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believe every one will allow, (what is generally received among ft Philofo- 
phers;) that though Lead is very heavy and grofs with refpett to other 
Metals, yet its Contexture is very porous and fpungy, which is owing 
to its being compounded of tmpure and combuftible Sulphur; and of much 
feculent and droffy Mercury, upon which account it is fo foft and eafly 
melted, and copioufly imbtbes any Liquid: If this laft Quality be attri- 
buted to Iron, whichis harder and not fo porous; fure no one can doubt 
that Lead will much more readily admit any Infection; and that this 
is true we have the Teftimony of many great Authors to evince. 

And a little lower. Nor do thofe argue to the purpofe; who deny that 
Lead, becaufe divefted of its Crudity and Grofnefs by being purified, cannot 
admit any firange Body into it: Indeed Nature informs us, and Experi- 
ence foews, that all Metals purified by Fire, are difincumbered of their 
Drofi; and are much refined after an Igneous Operation ; for by this 
Method are Copper, Tin, and even Iron refined; which by being melted 
by Fire is difunited from all its Droffy Particles, and the pure Subftance 
of it, which we call Steel, remains collected together, as may be proved 
from 4, Meteor. Cap. 6. of Ariftotle. Now though it be the Nature of 
thefe Metals, to be refined by Fire; (as we have faid above) and by 
Fufion to difcharge all their Drofs; yet that does not prevent them from 
imbibing any foreign Subftance. And who can difpute but that Steel, 
which we may rank amongft the moft folid Metals, may be mixed and tem- 
pered with a Subftance quite foreign to itfelf? Who will affirm that a 
Mixture of Vinegar, Soot, Water of Moufe-ear, and of Earth-worms, 
mixed with the “futce of Radifbes, is in any refpect of an Ironifh Sub- 
fiance? Yet if Iron be frequently dipped and quenched in that Liquor, 
it will acquire fuch a Hardnefs as is not to be believed but by thofe who 
have made the Experiment. On the other Hand, if it be often quenched 
in the fuice of Marfh-Mallows, Soap, or Hemlock, it will be mollified. It 
-alfo happens to Tin and Lead, that being melted and often cooled in the 
SFuice of the Squilla or Sea Onion they are affectedin fuch a manner, that the 
Jitft lofes its noify or ringing Quality, and the latter its Blackne/s and Soft- 
nefi, which could not be except they retained fomething of the Spirit and 
Property of the Liquor in which they are tempered. It is therefore plain, 
that how greatly foever Metals may be purified, and purged of their Drofs, 
they are capable of imbibing a Subftance of a different Nature from their 
own. But it would be folly to fay that the Mixture of Metalic Spirits which 
are of the fame Genus or Kind, cannot be more eafily effected than this: 
For we fee that Copper is tinged and turned Yellow by the Spirit of Ca- 
lamine and of Tutia: and on the other hand it is whitened by the Spirit 
of Arfenic, of Orpiment, Sc. From whence we may fafely conclude, That 
if Metals (of which Bullets are commonly made, and particularly Lead,) 
frould be infected by any Spirituous Subftance inclining to their own Na- 
ture (which may be prepared of fo many forts of Mercurial, Fatid and 


Deadly Waters, to which are ufually added the Fuice of Aconitum or 
Wolf- 
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Wolf-bane, of Napellus, of the Squilla or Sea-Onion, of Eugh, of Smal= 
lage or Crow-foot, and fuch like Simples, and venomous Beafts, which are 
of noxious Effect upon our Nature) I fay, being tainted by fuch like 
Compofitions, the Wounds they make will be fo complicated by means of 
the Venom, that except immediate Remedies be applied they muft be Mortal, 
For we have at this Day among ft us many Mixtures which are fo Veno- 
mous and Peftiferous, that if the Point of an Arrow be but ftecped a 
little in them, and it wounds any Body flightly, or only paffes through any 
particular Member with a fudden Celerity, and makes no flay in the 
wounded Part, the Poifonis fo fubtile that it at once- diffufesitfelf over 
the whole Ma/fs of Blood, infects the moft Noble Parts, and -inftantly kills 
the Perfon. 

Speaking farther on this Subje€t. From hence we will conclude 
that Balls may be infected with Venom, not by pouring any into an Hole 
made to receive it, as fome would have it; but by immerging the Bullets 
and repeatedly quenching them in fome of thefe Mercurial Waters or Dead- 
ly Fuices; by which means they may be corrupted and infected, and (fuch 
is the Subtility of thefe Drugs!) invenom the Wounds they make, though 
they fhould with the greateft Velocity pierce through the Body. This bas 
has been experienced upon Animals, which I fhall account for in my Book 
of Antidotes I juft now mentioned. But by the way I muft obferve, that 
if a Ball paffes very fwiftly through a Body, it cannot fo well or effectu- 
ally communicate its Venom; but it moft frequently happens that Bullets 
lodge in the Wounds, and remain there fome time before the Surgeon can 
take them out, which oftentimes is not to be done at all. 

Who then can doubt, but that the Ball will work its Deadly Effects du- 
ring the time it thus remains in the Body? (The more Spirituous and 
Subtile they are, as I fhewed above, the more fudden are their Effects :) 
And its Malignant Effluvia being conveyed through the Veins, Arteries, 
and Nerves, they infect the Natural, Vital, and Animal Spirits, and by 
being blended with them, and by the natural Conteft which arifes between 
them, in which the former always get the better, the Life of the Perjon 
is extinguifhed, which purely confifted in the hvely proper Action of the 
Spirits. That Poifons are the moft pernicious when they are the moft 
fubtile may be gathered from the Bites of Vipers and other venomous 
Creatures. 

This is all that our Author fays of the Method of poifoning Metal- 
lic Bullets, and their manner of affecting the Human Body. 

Thofe then who would prepare Poi/oned Balls may obferve the Rules 
laid down by former Pyrodolifts, or thefe of our Invention. Take of 
Wolf-bane, ot Wolf-wort, which the Italians call Luparia, and the Ger- 
mans Wulfvurts; of Napellus, whofe Root is in form of a Net; (This is 
a moft dangerous Poifon;) prefs out the Juice of it, but take care not 
to touch it with your Naked Hand: The Juice of it being expreffed, 
put it into a capacious Earthen Pan, and expofe it to the Sun in the 
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Month of Fuly, for che Space of a whole Day; shat is, as long as the 
Sun has any powerful Influence wpon it; ahis.done, puc it in fome 
warm clofe Place, which mutt have no Onions or Garlic mear ut, or aay 
other Arong-{cented Thing, for it may be rhereby deprived of muck of its 
Strength and Virtye: Qn the Marrow expofe ic again.to che Sun as you 
did before, and {fo continue to do for the {pace of a whole Month: 
And you will have a chick, foul, yenomans Spbftagce like an Oint- 
ment. But you muft be careful so Air the Place where you lock up 
your Pan in the Night, for fear che malignant Effluvia of this Poifon 
thould be conveyed through the Noltrils into the Head, and he attended 
with Confequences prejudicial to your Health. 

Take moreover 3 or 4 of the rankeft fort of Toads, of fuch particu- 
larly as are bred in the most fhady and cold Places; for there they ac- 
quire the moft virulent Venom. Thefe fhali be pur into a Brafs Veffel 
like an Alembic, where they may have Room to {praw] about ; which 
Veffel fhall have a Head thar nicely fits it, with a Handle at Top of it 
to lift it on or off; upon one Side of your Veflel you fhall have a little 
round Trough, with a Slic over it, which fhall be filled with O7/ of 
Scorpions. Cover the whole up clofely, and let rhe Pipe or Spout of 
your Alembic be received in a Glafs Phial, which muft be fer in a Bafon 
of cold Water. This done, light a gentle Fire all roynd it, at the di- 
ftance of one or two Palms, that it may heat by flow degrees; and the 
Toads, as foon as they are affected by the Warmth, will immediately 
fpew up all their Venom. Thus by Vomiting and Sweating they muft 
of courfe become thirfty, and will accordingly drink of the Oil con- 
tained in the little Trough to quench their Thirft, and will foon after 
bring it up again, and it will in the end be diftilled into the Glafs Phial 
aforefaid, The Fire fhall be kept up in an uniform Heat for four 
Hours; then leave your Operation unfinifhed till next Day, and wait 
for a Breeze of Wind before you take off the Head of your Alembic ; 
and keeping to the Windward of it, at the diftance of a few Paces lift 
off the Head with a Jong Pole, by running it into the Handle above- 
mentioned ; and leave your Veffel open for 4 or 5 Hours: In fhort, the 
noxious Effyvie being by that time difperfed you may fafely approach 
it, to take away your Phial. 50 much for the Preparation of this Poifon, 
now for the Ufe of it. Sprinkle over the Compofition of your Fire-Balls 
with this Deadly Extraction, together with the Juices of the Herbs I 
am going to mention, and charge your Bell according to the ufual Way. 

You may then add to this: The Fusces of Anemony, of Torch-weed, 
of Hemlock, of Heubane, of Mandrake Apples, of Mandrake, of Napellus 
White and Blue, Monks-bood, Pafi-flower, Butter-flower, Pojfonous Night~ 
foade, Sea-Onjon, and feveral other Simples of this Nature. 

The following Things pulverized may do very well, (wiz.) Mercury 
Sublimate, White Arfenic, Orpiment, Cynnabar, Minium, Litharge, to 
which may be added the Mesfruq of Barren Women, the Brains of Rats, 

Cats, 
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Cats, Bears; the Foam of Mad-Dogs, the Blood of Bats, Oil in which 
has been previoufly drowned a good quantity of Hau/e-Spiders, of Quick- 
filuer, Diagrede, Coloquintida, Euphorbium, one and the other Helle- 
bore, of Thymelea, Garden-Spurge, Nux Vomica, and feveral other fach 
Things as are of noxious Efficacy: 

You may alfo prepare a Gua-powder, which will infect che Arr, and 
fuddenly kill chofe who draw in che Smoke of it; after chis manner: 
Take a Toad and {mother it in Saltpeter, and bury it under an Hore 
Dung-hill for a Fortnight; then take it out, and proportion ix with Su- 
pbur and Coal ae we formerly ordered. 

Or you may mele Saltpeter over a Fire, and throw a good parcel of 
Houfe-Spiders into it alive, fo that being fuffocated they may difcharge 
all cheir Venom into it; you may alfo powder your Saitpeter over with 
a little Arfenie ; after having incorporated a good quantity of that Drug 
with it: Then make your Gux-powder with it after the ufual manner. 


OBSERVATION I. 


I believe it will be belt, if to the Couspofitions we have given 
for Smoke Balls, you add the Juices of the Herbs abovementioned, 
with their Leaves and Roots about half withered; together with the 
feveral other Poifonous Things we juft now enumerated ; and make 
them into Balls as before: You might alfo add the outward Bark of 
Birch ; for all fuch Ingredients produce a thick fuffocating Smoke, and 
particularly the damp Leaves and Roots of the above Herbs; add to 
which, that the Smoke they emit being moift and heavy, it flags near 
the Surface of the Ground, and does not fpring up to any great Height 
into the Air; but fmothers and creeps along beneath, and fpreads 
through every where, where it can have Admittance: And upon this 
Account, the beft Opportunity you can have for putting thefe Balls in 
Execution, is when the Heavens are clouded over, and mifty; during 
a thick Feg, or in great Rains, or when it fnows, and in gloomy heavy 
Nights ; for the Air is at thofe times impregnated with grofs Vapours, 
which are ¢ impenetrable by the Smoke, and copioufly interfperfed with 
Subftances heavier than itfelf, which fupprefs the Fumes of your Ball; 
which would tend upwards in ferene clear Weather. 


OBSERVATION I 


You may atm thefe Balls with Crackers, to guard them from the At- 
tempts of the Enemy. 


‘aay 


¢ It is not owing to the Impenetrability of Vapours, but the Lightnefs of the Air in foul 
Weather that Smoke does not rife ; tor at that Time the Smoke, as foon ss it is rais’d or ex- 
fee from the fmoaking Body into the Air, falls down again by reafon that it is {pecifically 
eavier than Air; whereas in fair Weather when the Air is heavieft, and conf{gquently denfer 


fai the Ground, the Smoke beiog than lighter than Air, sifes upright by chéihaws of Hydro- 
aries. 
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OBSERVATION IIL 


You muft be careful, that what you prepare for the Ruin of your 
Enemies, does not turn to your own Deftruétion ; and that inftead of 
conveying Death into the Adverfary’s Quarters, you be not fuddenly in- 
tercepted by it yourlelf, and overwhelmed before you know where you 
are. To prevent thefe Self-dangerous Inconveniencies, you fhall cruft 
your Bal] over with common Gun-powder uninfected, and then coat it 
over with Tow: Or elfe putting thefe poifonous Compofitions into Bags, 
as is done in the Cafe of Fire-Balls, you fhall fill the Fuzes of them with 
a common Slow Compoftion. 

The reft I fhall leave to the Difcretion and Diligence of the expert 
Pyrobokift; and to fay the Truth, none of us ftand in need of Inftruction 
in Mifchief; for we naturally have a {trong Propenfion to it, and are 
commonly induftrious in the Perpetration of it. I fhall now clofe up 
this Chapter with conjuring you, never to apply thefe Balls after fuch a 
manner as to need Repentance after it, or in any refpect to wound your 
own Confcience ; always keeping in Mind, that the Love of our Neigh- 
bour is infeparable from the Love of God ; and that we have a righteous 
Judge who wants no Witnefs to our Aétions, and who will moft cer+ 
tainly deal with us according to the Evil of our Ways. 


CHAP. XIL 
Of STINK-BALLS, 


TT‘HESE Svink-Balls feem to be pretty nearly related to the Balls we 
have juft now treated of; but the Ufe of them is much more law- 

ful, and much lefs pernicious ; for thefe only moleft the Enemy by their 
Fetid Vapours, wrap them up in artificial Mift; offend both the Nofe 
and Head, by their extraordinary Naufeoufnefs ; and pain the Eyes by 
the Sharpnefs of their Smoke, without any immediate Infection. They 
are in the main prepared juft like other Artificial Balls, and therefore I 
fhall give you the Conftruétion of them in few Words. Take 10 ib of 
common Ship Pitch; 6 tbofIar; 20 tb of Saltpeter ; 8 tb of Sulphur ; 
4. 1b of Colophone. Mele all thefe over a flow Fire in an Earthen Pot: 
And being melted, throw into them 2 ib of Coal, 6 tb of the Rafpings 
or Parings of Horfe’s or Mule’s Hoof; 3 ib of Affa Fetida; one 'o of 
Sagapenum, which the Latins call Sacopenium Putidum; and tb {s of 
Spatula Fetida, or ftinking Gladwin: Incorporate all the above Ingre- 
dients well together; and add to them.as much Flax or Hemp as is fuffi- 
4 cient 
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cient to abforb them: Then whilft the Tow is warm, make it into Balk ; 
in fine, you fhall dbferve the very fame Order with thefe, as we have 
in general directed for Light-Balls, Smoke-Balls, and Potfoned Balls, 


COROLLARY. 


What Man is there who knows not that the Air we breathe may be 
dangeroufly tainted ; and that contagious Diftempers are commonly ge- 
nerated by the Corruption of that Element? Thus a befieged Place be- 
ing no other than a Theatre of all the Evils Mankind can be afflicted 
by; it is amongft other Inconveniences fubject to peftilential Vapours, 
arifing from the ftinking Effuvia of Carrion, the Putrefa@tion of rot- 
ton Carkafles, and other Filths which they cannot remove out of the 
Town. I fhall not here undertake a Rehearfal of the many Examples 
of Sieges, in which the Befieged have been more abundantly cut off by 
Peftilence than by Steel or by Fire: But to come to the Point in hand, 
I fay, that the corrupted Air of Befieged Places may not only proceed 
from Natural Caufes, but may alfo be introduced “by the Artifices of 
the Befiegers. The putrid Stinks within are thofe of the unfavoury 
rotten Breaths of the Fami/bed and Over-fatigued, the corrupted Bodies 
of the Slain; Dunghills, and many other Things from whence un- 
wholefome Vapours are exhaled. Now the Befiegers may add to the 
Natural Infection of the Town, or even originally caufe it by means 
of feveral Sorts of Poifoned Infectious Balls; or by throwing with 
the Ancient Machines (if you will admit them again into Service) the 
Putrid Carkafles of Soldiers, or any fort of Carrion; together with 
great Tubs full of the Emptyings of Privies, and the like, which may be 
toffed into the Befieged Place. Hiftory will inform you of many fuch 
like Praétices amongft the Ancient Romans, and the other Warlike 
Nations of their Time: But not to look fo far backwards, we havea 
very modern Inftance of this in the Chronicles of the City of Liege, 
where we met with this Remark (viz.) The Liegois. vigoroufly affaulted 
the Caftle of Argenteal, throwing great Stones into it with Balifte, to- 
gether with Earthen Veffels full of melted Metal, Red-bot Iron, and Ex- 
crements in abundance. 

From hence we may draw thefe Conclufions: Firff, that the Air of 
a Town may be terribly infe¢éted; and corrupted to that degree as to 
oblige the Befieged to a more fpeedy Surrender, or at leaft urge them 
toa Parly fooner than they defigned. 

Secondly (which is well worth our Obfervation) That by the Help of 
the Antique Machines, you may not only fling the Dead Carkafles of 
Men and Horfes, together with large Véffels full of Fiery, Flaming, 
or Scalding Matter; but alfo ponderous round Stones, vaft Splinters of 
Rocks, and other Bodies of immenfe Weight. Amongft the many 
Teftimonies which might be brought to corroborate this Fact, I thall 
give you only one, which I have taken from Paul. Emil. in his Hiftory 
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of the Siege of ++ Ptolemais in Paleftine by Philip King of France and 
Henry King of England (namely) they broke in the Roofs of the Houfes 
with great Stones fhot from their t Tollenons, which were the Bene of 
the Inhabitants. 


Sihus alfo mentions them in 7d. I. 


Phocais efundit vaftes Balifia Molares, 
Atgque eadem ingentis mutato pondere tel: 
Ferratam excutiens oraum media agmina rupit. 


In Enghi/h: 


Then from contracted Strings, 

Stones of vaft Bulk the Phocean Engine flings, 

Or changing Weight whole Trees with Iron bound, 

Ejetts, that breaking through, the Ranks confound. Roff 


Judge now of their Weight by their ftrange and frightful Execution, 
We moreover find in the Annals of Spain (according to Lipfus) a Sto- 
ry of a Young Man called Pelagius, who wasa Perfon of great- Mo- 
defty, and being earneftly follicited by a Beaftly King to commit that 
Crime with him which will not bear to be named, he accidentally ftruck 
him whilft the Brute was carefling him; upon which the Infamous 
Monfter of a Prince ordered him to be put upon a Baka, and thrown 
over the River Betys acrofs the Rocks. But I fhall {peak more at 
large of this in its proper Place; where (as I have faid before) I thalt 
give you the Figures of the Ancient Machines with all the Accuracy 
the Remarks I have made upon the Accounts given of them could 
fuggeft to me; in which I have gone fo far as evento make Mo- 
dels of them with my own Hands, to try their Effects, and to fee 
whether Authors have had a due regard to Truth in what they have 
telated of them. I only mention them here, to remind you that the Be- 
fieged may expeditioufly and conveniently gall the Enemy, with putrified 
Carkaffes and an infinite Number of Veffels of all Sorts of Figure filled 
with Venomous or Smoky Compoftions, and all other Pyrobokcal Pro- 
jeétiles, which we thall touch upon in the following Book, and parti~ 
cularly fuch as are ordinarily ufed in the Defence of Places. Let 
Men of Senfe and found Judgment confider a little upon thefe 
Things; and if they can convince me that I am out of the Way, after 
all I have {aid and quoted upon this Head; I fhall readily fubmic to their 
reafonable Demonftrations: But as I apprehend myfelf to be in no 
danger of fuch Conviétion, I fhall to the lateft Hour of my Breath 
regret the Inattive State of fome of the Antique Machines. 


¢ This Town is now called Sr. Sohn D'’Acre, + Thefe were the fame with Baliffe, 
CHAP. 
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CHAP. XIIL 
Of a Ball, which Fire-Workers ca// @ Death’s Head, 


é es a perfetly round Bali, of Iron or any other Metal, of fuch Fig. 156. 
Diameter as conveniently to fit the Calibre of the Piece of Ord- 
nance you intend to ufe. The Body of it muft be hollowed out Cylin- 
drically, which it may be to the Depth of 5 and the Breath of ¢ of its Di- 
ameter; The Sides of it fhall likewife be bored in feveral Places, all which 
Borings fhall tend towards the Hollow Cylinder in the Middle, but hall 
not center in it quite, and fhall only correfpond with it by fine Holes or 
Fuzes. Thefe little Fuzes thall be filled with fine Meal Powder; and 
the large Cavities fhall be filled with Corn Powder and Leaden Shot, 
and Wadded well with Paper or Tow. 

The great Hollow in the Middle thall be filled with Meal Powder, 
to which fhall be added 4 of Coa/, and fhall be {prinkled over with 
Brandy or Oil of Petrol; or elfe it may be filled with one of the Com- 
poftions 1 have given for the Fuzes of Gremado’s. In thort, the whole 
fhall be coated with a Tarred Cloth, leaving only the Vent of it open. 
When you Fire this Bai! you fhall let the Orifice of it reft immediately 
upon the Powder in the Piece, without the Interpofition ef any Wadd 
between them: See Fig. 156. 

Obferve here that thefe Bails may be made of Wood alfo; but in this 
Cafe you muft thruft fuch Crackers as you fee in D, Fig. 151, into all Fig. 151. 
the Cavities but that in the Middle; in a word, it fhall be reinforcéd 
with an Iron Bandage, to prevent its breaking t6 pieces at the tithe of 
its Projection, and fo prove of no Effect. 


CHAP. XIV. 


Of a Ball commonly called the Pyrobolift’s Valet or 
Attendant. 


THE Bal] which you fee reprefented tinder Fig. 157, has got the Fig. 159, 
Name of the Fire-worker’s Servant, from. its conftant readinefs to 
do Service, in which it differs from all the reft. Now this gentle Ser- 
vant is very fimple in Nature, and eafily governed and conftructed. 
You need only take a Wooden Cylinder whofe Diameter is equal to the 
Calibre of your Piece of Ordnance: Its whole Height thall be 3 of its 
Diameter, and one End of it fhall terminate in a Multilateral Pyra- 
mid} 
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mid; which Pyramidical Part of it fhall be another Diameter. 
The Sides of it then fhall be bored all round with Holes of the Dia- 
meter of two Fingers Breadth, each of which thall correfpond with 
that in the Middle of it. Into thefé Holes you fhall thruft fuch Crack- 
ers as we juft now mentioned (fuppofing it to be made of Wood.) The 
Cavity in the Middle fhall be filled as we dite€ted above for the Prece- 
ding Ball. Its Point thall be armed with Steel, that it may ftick faft 
into any thing it falls upon or ftrikes againft. Farthermore, it thall be 
reinforced with three Iron Rings, (v/z.) one round the Top of it, one 
round the Middle, and a third round the Foot of its Fyramid; By this 
means it will be able to withftand the Shock of the Flafh: As to any 
thing farther relating to this, it muft be ordered juft like the Preceding 
Ball. 


CHAP. XV. 
Of the Pyrotechnic Manipulus or Bundle. 


ig often happens that you are fo fuddenly furprized and reduced to 
fuch Extremities, that you have not time to prepare thefe Artificial 
Balls in due Form: And in fuch Exigents this Manipulus may be recur- 
red to, which is no other than a Bundle of Iron or Copper Crackers of 
the fame you fee reprefented Numb. 151, under the Letters F, G, and 
I; (no matter whether they be Triple, Double, or Single) they muft be 
charged with Corn Powder and Leaden Balls, and bound firmly toge- 
ther with Wyre or Cat-gut, fo that they may not be torn afunder by 
the Violence of the Flafh of the Gun, but remain collected in a Bedy, 


and perform their Effects together. They fhall be primed with one 


of the flow Compofitions we formerly gave. In fhort, thefe Bundles may 
be of various Sizes, according to the Calibres of the Mortars or Guns 
they are to be projected from: They fhall be put naked into the Piece, 
and reft immediately upon the Powder in it. 


CHAP. 
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CHAP. XVI. 


Of certam Pyrotechnic Balls which may be privately hid, 
and fo ordered as to performs their Effedls at certain Pre- 
fixed Periods of Time. 


WE. have elfewhere acquainted you that the Old German Captains 
detefted the Ufe of clandeftine Fires, and banifhed them from 
their Arts of War, as unjuft and ungenerous Inventions, and according- 
ly forbad their Pyroboli/s and Fire-Workers to prepare any of them : But 
notwithftanding this laudable Injunétion, we find in Hiffory that thefe 
Fires were put in Execution even when that and feveral others of the 
fame Tendency were in their Prime, and full Force: In our Age indeed 
it feems as if thefe and feveral other old Inventions muft make their 
Exit, and give Place to new ones formerly unknown; and accordingly 
thefe Balls are upon the Point of Expiration ; fo that were they not re- 
corded in our Writings, the very Remembrance of them would be blot- 
ted out in a very few Years more. Now fince our Forefathers found 
them of Ufe in their Days, (however unfair they might deem them ) 
why fhould they not be of fome Service to us as well as to them? A 
good Head and a little Diligence, would turn them to fome Account at 
proper Times and Places. I find feveral ways of conftructing them both 
as to Form and Size, according to the Exigence or Nature of the Affairs 
we would employ them in: For thofe which are to be hid in Houfes, 
Clofets, Barns, &c. muft be of one fort; thofe which are lodged in Pow- 
der Magazines and Arfenals into which we have free Accefs muft be of 
another kind; and thofe which are conveyed into Waggons, Trunks, 
Casks, or any Baggage which is going into the Enemy’s Forts and Garri- 
fons muft be of a Third Species. I fhall only give an Example of them 
in three Balls of different Sorts; the Firft of which, diftinguifhed by 
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the Letter A, in Figure 159, bears an exact Refemblance to a common Fig. 159. 


Fire-Ball; and does not feem to differ from it in any particular except- 
ing its Match, which is wound round ic (provided it is upon any Plane) 
in Spiral Folds. This Match muft.be of that fort which neither fmokes 
nor yields an offenfive Scent, the Preparation of which we taught you in 
Book Ul. Chap. XXVIII. One of the Ends of this Match is ftuck into the 
Vent of the Ball, and the other which is lighted is coiled round it, fo as 
to have its Revolutions at 2 convenient Diftance from each other, that 
it may burn gradually out from one End to the other, without catching 
Fire in more Parts thanone. The Length of it muft be proportioned 
to the Time you defign it fhould burn, or to the Period you prefix for 
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the Combuftion of your Bal]: There will be no Difficulty in doing this, 
if you know exactly what Length of your Match will be confumed eve- 
ry Quarter of an Hour: Thus if you propofe that your Ball fhould 
perform its Effect in two Hours aftér it is hid, and you are affured that 
about half a Foot of Match confumes every Quarter of an Hour, you 
may. readily conclude that in this Cafe you muft allow 4 Foot of Match. 

The other Ball, ‘diftinguifhed by B, is commonly made of Wood 
(though it may be made of Iron or Brafs like a common Grenado, but 
then it mutt be filled with Corn Powder only, for Reafons above given.) 
It muft have a Serpentine or Spiral Fluting or Channel wrought in its 
Convexity from the Bottom to the Top, in which Fluting or Hollow 
you muft glue your Match from one End to the other of it, as may be 
feen inC. ‘This Sert is much better contrived than the Firft, becauie 
the Match is as it were a conftituent Part of the Ba//, and does not take 
up fo much room as the former. 

In fhort, the Third Ba// (D) of this Kind thas nothing extraordinary 
in its Conftru@tion. It has only a Stick in its Vent, round which is 
twifted a Snake of Match, which mutt be of due Length (as I obferved 
before) and firmly glued to the faid Stick, that it may not unfold icfelf in 
burning. 

Thefe Balls fhould be filled with very {trong Compofitions, and fuch as 
are very pregnant of Fire; as for Example, fuch as was anciently the 
Grecian Fire, the Compofition of which I have given you from Scaliger 
in our Chapter of Fire-Rain. ‘Now this Mixture will be fufficiently 
vidlent, as well becaufe- of the Zgneous Ingredients it is compounded of, 
as on the {core of the particular Manner of its Preparation; for Expe- 
tierce evinces that a Durig-heat has a wonderful Power of transforming, 
and as it were vivifying whatever -is buried under it; in which it imi- 
tates Natural Heat: That Gental Mother who works fuch Wonders, and 


‘has referved to herfelf a Power of ‘putrifying, which is altogether fur- 


prizing ! ! For we find that the Animals generated from Putrifaction, are 
as variotis as the féveral Things that are putrified. Whoever re- 
flects upon this, and confiders it attentively, may turn it to very good 
Advantage. Upon this Account, I think that fuch a Compofition would 
be preferable to all thefe which only have their Ingredients mixed up 
together without any farther Preparation; though I muft here make an 
Exception with regard to Gun-powder, which being beaten and pounded 
for a confiderable time, becomes: éxtreamly vehement (as I have'elfe- 
where obferved) and is transformed into a perfe@tly Light and Volatile 
Subltance. 

Brechtelzus im Book 1X. and Chap. I. of his sfrtillery, gives us the folp 
lowing Compofition for the Ufe of thefe Balls. Take 3 1b of Powder, 
and one tb of Sd/pbur ; reduce them to a very fine impalpable Meal, and 
mecorporate them well together: Then add to them a little Colophone, 
and fome Drops of Turpentine ; and knead them all up in a Dough or 
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Pafte with Linfeed Or] and Brandy : Thus the whole being perfeétly in- 
corporated, fill your Bad with it. However I think ic will be better to 
ufe fomething of the Nature of the Grecian Compofitions ; becaufe our 
clandeftine Fire is nearly related in its Effects and Operations to the 
forefaid Fire ; as we are informed by feveral creditable Authors: As to 
the Ingredients, Ido not apprehend that they can be wanting to you, 
either on the Score of their Scarcity or Price.. Remember that inftead of 
Match, you may ufe fome of that Pyrotechnic Slow Tow, which Brech- 
telius mnentions in Part U. Chap. Il. of his Arizllery, and which we have 
given you in our Second Book. 


CHAP. XVI 
Of RED-HOT BALLS. 


‘HE Practice of thooting Red-hot Iron, is far from being of mo-~ 
dern Date ; -for long before the Invention of our Artillery, it was 

the Cuftom of the Azctents to defend themfelves with Red-bot Iron, .as 
is teftified by Diodorus Stculus, who faith: That the Tyrians threw great 
Bodies of Redshot Iron énto the Works af Alexander the Great. An un- 
certain Author alfo fpeaks :to this Effect in Suidas: They threw from 
Eminencies whatever was Liquid or Fufible, fcalding bot upon the Enemy. 
And among ft ether Things Red-hot Pieces of Iron, which they kept rea- 
dy for thofe who attempted to feale thar Walls. + Vitruvius alfo {peak- 
ing of the People of the Town of Mar/eilles, faith, That they threw 
Bars of Red-hot Iran from Balifte:to burn the BefiegersWorks. If you 
would:be farther informed upon.this Head, you may confult thofe Au- 
thors, whofe Teftimony we have all along recurred to. But to dwell 
much.upon the great Requeft Red-hot Bails have been in fince the In- 
vention of Gun-powder, or to recount the Havoc they have made, or 
to relate their frightful Executions in the:feveral Occurrences of War, 
would be giving of myfelf a needlefs Trouble; fince none can be 
Strangers to this:matter, but thofe who have never: borne Arms, or never 
dealt in Hiftory, which:does.furnifh us with many Examples of this kind: 
Amongtft which t Enmenuel de Meteren in his Hiftory of the Low-Coun- 
tries, relates the following Inftance to have happened at Rhinburgh 
when it was befieged by the Admiral of rragon in the Year 1598, (viz.) 
AA Red-bot:Ball (it:muft baye been Red-bot though he does not exprefly 
fay fo) being fhot from the Befegers Batteries againft a Tower where 
the Befeged kept their Gun-powder, it went through the Wall of it which 
was but a Brick thick, and fell into a Barrel of Powder; which imme- 


{ Vitruy, Lib, X, Ca: 8XUL, ¢ Em. de Met: Lib, XX. 
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diately taking Fire accended all the reft, which were to the Number of 150 3 
upon which enfued fuch a prodigious Clap, and fuch a general Conflagra- 
tion, that it not only blew up the Tower it was kept in, but fet Fire to the 
moft lofty Houfes in the Town, and fhattered thofe in the Neighbourhood of 
it in pieces; threw down a great Part of the Town-Wall, and what is fill 
worfe, the moft eonfiderable Part of the Soldiers and Inhabitants, together 
with the Governor, were buried under Ruins; in fhort, there was hardly 
any Body in the Town efcaped without being fo miferably difabled, as to be 
unfit ever to bear Arms again, or incapacitated to work at their Trades. 
Paulus Piafectus Bifhop of Premiflaw, who wrote our Annals, has the 
following Narration. From thence marching bis Troops (he {peaks of the 
Admiral: of Arragon) towards the Rhine, be befeged Rhinburgh 2 Place 
belonging to the Archbifhop of Cologne, which had been formerly in Poffef-- 
jfion of the Spaniards ;. but during the.time that the Arch-Duke Albert was 
in France, it was reduced by the Hollanders, who afterwards kept a firong 
Garrifon in it. The Befeged at firft made a brave Refiftance ; but a Can- 
non Ball deing accidentally fhot into a Powder-Magazine there enfued a 
general Conflagration and Ruin; it made a great Breach in the Town 
Wall, upon which the Befeged were obliged to Capitulate, who being al- 
lowed good Quarter, and permitted to march out with their Baggage, they 
evacuated the Town, But + Diegus Ufanus gives us a Relation almoft 
as Tragical as this, to which he adds an odd Accident that befel a Dutch 
Ship which was going into Offend with a Lading of Gun-powder ; (name- 
ly) that fhe was blown up by means of a Cannon Ball: This Author is 
of Opinion, that thefe two Cafualties were not owing to what we ap- 
prehend, bot that the Ball accidentally ftruck againft fome Stone, 
Piece of Iron, or fome other hard Subftance, and fent forth abundance 
of Sparks, which were the Caufe of thefe melancholy Accenfions. But 
I am rather inclined to believe (in which Emanuel de Meteren {eems to 
agree with me) that ic was fome Red-hot Ball which was fhot with De- 
fign to perform fuch an Effect; for it is not to be imagined that becaufe 
a Ball has pierced through a fingle Brick Wall, or a Ship’s Plank, or 
ftruck upon the Head of fome Nail, that it can ftrike fuch a Fire as to 
be able to penetrate through 2 Powder Barrel: No; it is more probable 
that fome Deferter going over to the Enemy, had informed them where 
fuch and fuch Powder was lodged, or what the Ship was. laden with, 
and that thereupon they took the proper Meafures to blow up the Gun- 
powder which is moft ufually dene by Red-hot Balls; for there is no 
kind of Ball (though our Art has invented many) which is fo conve- 
nient for conveying Fire and Deftruction as thefe; for they at once per- 
form the Office of a Cannon-Ball and of a Fire-Baill, add to which, 


that it cannot be perceived during the time of their Projection, whether 
they be Red-hot or not. 


} Di. Ufa, Treat, LI. of his Artillgry, Dialogue XII, 
2 Here 
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Here we might repeat what we formerly quoted from Lipfus, con- 
cerning the Fre-Ba/ls which are commonly fhot from Cannon ; for I 
am of his Mind when he thinks that Red-bot Balls might be as effectual- 
ly ferviceable as Fire-Balls; and I conceive that what fo grave and fa- 
mous a Perfon faith ought to have its due Weight with us. Now to 
fhew that this Opinion of his is not ill-grounded, our Hiftorians who 
have recorded the mighty Exploits of our glorious Kings have made no 
Diftin&tion between them; but have promifcuoufly ufed the Words 
Kule Ognifte, to fignify all thofe Bal/s which are contrived to burn Edi- 
fices, Intrenchments, Palifades, and other Wooden Defences of War, 
which anfwer to the Latin Expreffion Globus Igneus, vel Ignitus, or a 
Fire-Ball; this (though improperly enough) is applied to Red-bot Balls: 
Moreover, the Signification of the Latin Words Igneus, Ignitus, and Can- 
dens, is Synonymous, and they are indifferently ufed to exprefs one and 
the fame Thing. 

Ido not think it worth while to wafte more Time in perfuading you 
that Red-hot Balls are very ufeful and ferviceable upon Warlike Occa- 
fions, that being a Point which has been indifputably demonftrated by 
many Authors before me ; I therefore have nothing more to do than to 
tell you what is obferved in fhooting them. 

Firft you muft charge your Gum with the ufual Requifite of Powder, 
and ram it down with a Wooden Tompion that exaétly fits the Chafe of 
the Piece, the Thicknefs of which fhall be equal to, or not much lefs 
than the Diameter of the Ba//; and for the more Security, you fhall 
add to it a Wadd of Hay, Straw, or Tow, or (what will be much bet- 
ter) of the Sinews of Animals fpread out like Tow, and previoutly moi- 
ftened. This done, you muft carefully {punge the Infide of the Piece 
for fear any Grains of Powder fhould be accidentally fcattered in it; 
and then, point or level your Gun at the Place you defign your Ball 
for, according to Art; and let it remain in that Pofition till you put in 
the Ball, which fhall be perfe@tly round, and run freely down the 
Chafe : You may take hold of it with Iron Tongs or Pincers, from the 
Forge, which muft not be far from the Battery : As foon as you think 
that it is ipt down upon the Wad, fire off your Piece. 

There are thofe who drive Boxes made of Iron or Copper Plates into 
the Gun; and others who ufe Clay, and then ram the Bal/ as faft as 
they can towards the Powder, with a Rammer armed at the End with a 
Copper Plate ; but the Firft Way I have here mentioned is by much the 
fafeft, and leaft fubje& to Danger. 


Tiii CHAP, 
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CHAP. XVIII. 


Of Pyrotechnic Hail, by which are meant Cale Shot, or Car- 
touch Shor, Partridge Shot and Grape Shor. 


WHat Pyrobolifts mean by Pyrotechnic Hail, is a Parcel of little 

Hard Bodies, which being projected perform an Effect after 
the manner of Natural Hail; but it is fomewhat more Hard and Pe- 
rilous; our 4rtificial Hail being moftly of coarfe Gravel, River 
Pebbles, or any Stones of the bignefs of a Pigeon’s Egg, and fome- 
times of Leaden Balls or Slugs, or little Bits of Iron, and all fuch like 
Things. 

This Hait is ufually fhot at the Enemy, with our Mortars or Hobbits, 
and other Field Pieces. 

‘Fhis Shot is varioufly ordered ; for fometimes it is fhut up in Wooden 

Fig. 160.Caj/es or Cartouches, as you fee in Fig. 160, under the Letters A and B ; 
and fometimes in Copper or Iron Boxes, as you fee in D and E; finally, 
you muft run Pitch into the Interftices of it, tokeep the Bullets, Stones, 
or whatever elfe it is compofed of, together. 

The Length of the Cafe or Cartouch fhall be 3 t or 2 Diameters at 
moft of the Chafe of the Guz or Piece it is to be projected from ; and 
the Bottom of it fhall be half a Diameter in Thicknefs, the Lid or Co- 
ver ;, and the Sides ;$ only. I here fpeak of Wooden Cafes ; for thofe 
which are made of Metal, muft be quite different from the abovemen- 
tioned in every refpec but their Length. 

- There are thofe who do not take fo much Trouble with this kind of 
Shot : They firft load the Pzece with Powder as ufual, and ram it down 
with a Wooden Tompion ; upon which they pour in Partridge (as this 
Shot is fometimes called) to the Height of an Iron Bullet of the fame 
Calibre with the Piece, and add a common Wadd upon it. 

Others put it into ftrong Canvafs Bags. I have reprefented one Sort 
to you in the Figures G and H, which is very pretty, and in the Form 
of a Bunch of Grapes: The ordering of this is very eafy. In Letter 
F you have a Wooden Tompion with a perpendicular Rod ftuck into 
the Center of it. The Bottom of the Bag muft be fewed up pretty 
ftrongly, and then filled with Leaden Bullets of 2, 3, or 4 Ounces. You 
muft then faften your Bag at Top, and pafs Marline over all the Inter- 
ftices of the Balls; in fuch Form that the Circumvolutions of it crof- 
fing one another, it may look like a Net. This done; dip the whole 
into Pitch, 

Again ; 
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Again; there is a Way (which is none of the moft defpicable) of 
making it into Balls, as may be obferved in the Letter C, which is 
done thus. 

Take of Pitch 4 Parts, of Colophone one Part, of Wax one Part, of 
Sulphur two Parts, and a little Turpentine: Melt thefe over a flow Fire, 
and being melted, throw inta them 8 Parts of Qyick-Lime; 4 Parts of 
Powder of Tiles; and one Part of the Filings of Iron or Hammer-fcales. 
Incorporate, all thefe Ingredzents well together: Which done, add to 
them as many Pedbdles or Mu/quet-Balls as are needful. Whilft this Com- 
poftion is cooling, make it up in Balls, that may exaétly fit the Guz or 
Mortar you intend to ufe. 

There are thofe who make this Shot into Balls with Plaffer, or Pow- 
der of Alabafter : But I fhall refer you to Stone-cutters and Statuaries to 
inform you, how you are to manage thefe Materials. Others again, 
make it into Balls with Dirt or Clay, which they fet to dry in the Sun 
and Wind. 

This Shot or Hail (as we have called it) is particularly ufeful in Open 
Pitched Battles; or when the Befiegers are refolved upon a Storm ; or 
endeavour to poffefs themfelves of an opened Gate; or mount a Breach; 
it is then that the Cannon and Mortars play this Shot in abundance, to 
introduce Death and Confufion among the Affailants. 

The Requifite of Powder for projecting thefe, muft be the fame as is 
ordinarily allowed for a common Bullet. 


CHAP. XIX. 
Of feveral Sorts of Chain and Bar-Short, ec. 


I Here prefent you with Figures of feveral Sorts of Chain and Bar- 

Shot, and fome other dangerous Weapons of a like Nature; which 
are moft commonly ufed in Sea-Fights to difable the Enemy’s Ships, by 
cutting their Rigging, Sails, Yards, Mafts, Rudders; and for deftroy- 
ing feveral other Parts of a Ship, the Names of which are known to 
Seamen only: And at the fame time they do Execution upon the Ship, 
they may deftroy the Ship’s Company. 

The feveral Kinds of this Shot may be eafily apprehended by the Fi- 
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gures 161, 162, 163, 164, 165, 166, 167, 168 and 169. Fig. 170 Fig. 161, 
reprefents a Box or Cafe into which the five Sorts of Chain-Shot (which 162, 163» 


you fee) are put when they are projected. That Trundle-Shot, which 


164, 169, 
166, 167, 


you fee in Figure 161, has its particular Box, which you fee reprefented 168, 169, 
beneath it, and diftinguithed by A; the three others need no Addition Me 


to them when they are fired away. 
All 
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All thefe will do terrible Execution in Skirmifhes, Affaults, and pow- 
erful Incurfions of the Enemy, &c. In fhort, the two laft, in Figures 
168 and 169, will be ufeful in deftroying Palifado’s, Fraifes, Crow- 
Feet, Chevaux de Frifes, Herfes, Portcullices, Fafcines, and all kinds of 
Wooden Defences and Coverts. In fine, they will ferve to ruin, and 
overfet Baskets, Gabions, Batteries, Chandeleers, &c. 

I apprehend that it will be unneceffary for me to inftruét you in the 
particular Ufes of thefe Things, fince a little Practice and Study will in- 
form you more to the Purpofe, than all the Rules and Diredtions I could 
lay down. 


OF THE 


GREAT ART 


OF 


ARTILLERY. 


PART the FIRST. 


BOOK V. 


Which treats of feveral Watlike Machines, fix’d and move- 
able, Bodies of Fire, and other Pyrotechnic Arms, as 
well for War as Recreation. 


POY N this Book you will have a Collection of the princi- 
4a pal and moft artificial Inventions in all Pyrotechnics, 
one Part of which fhall be under the Denominati- 
onof Machines or Engines; the other, of Bodies of 
Fire; fome of Mifiles or Projectiles, and Artificial 
rms, not to mention the particular Denominations 
of each of them. We might indeed range them all 
under the general Title of Machines; the Signification of that Word 
(according to the Definition of Afionius ') being applicable to al! fuch 
Things wherein the conftituent Matter is not fo much confidered, as the Ar- 
tifice of the Invention, or the Skill of the Inventor: And we may fafely 
fay of the Produétions of our Art in general, that they can boaft of the 
Fertile and Judicious Conceptions of their Inventors: From hence it is 
that the Latins called Architects and Engineers, Igeniarti or Ingeniofi, in 
which the French have imitated them, by calling all fuch Perfons Inge- 
mieurs ; (and the Engli/b have not much deviated from them, in calling 
them Engineers ;) but this is no Place for tracing up the Etymology of 
this Word to its Source. 
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Upon the whole, the Words Machine and Machination are of very 
exténfive Import; for under them are couched all Frauds, under-hand 
Practices, Stratagems, Plots, Ambufcades Gc. from whence it is that 
Cicero the Prince of Orators fays, + lifdem Machinis fperant me reftitutum 
poffe labefactart, quibus antea flantem perculerunt: ‘ They expeé& to fub- 
“vert me by the help of the fame Machines, wherewith they threw me 
‘ down before from my Profperity;’ here you are to underftand the Word 
Machine to fignify deceitful or malicious Efforts. Brutus alfo faith: + Om- 
nes adbibeo Machinas ad tenendum Adolefcentem: ‘I \eave no. Machine un- 
‘ worked to prevail upon that Young Man: ’ Meaning thereby, that he left 
no Means unpractifed to reftrain his turbulent unruly Spirit. Now I ap- 
prehend that I fhould have much more Reafon to apply this Word to fig- 
nify all our Pieces of Ordnance, whether Ancient or Modern, fuch as Can- 
non, Culverins, Chambered Peices, and other fuch like: Under this Deno- 
mination we might alfo range Mu/guets, Arquebuffes, or (as they were for- 
merly called) Murthering Pieces, and all other portable Fire-arms; as alfo 
Mortars and Petards, which bear a near affinity in Effeét to the Ma- 
chines of the Ancients, fuch as their Rams, * Onagri, Balifie, Cata- 
pulte@ and Scorpiones, with which they beat down Walls, deftroyed the 
Encermts of Towns, and from whence they projected offenfive Weapons, 
But Lzpfius (and feveral other Authors) has not honoured them with the 
Title of Machines, and only calls them by the general Word Tormen- 
tum, which is now ufed to fignify our Cannon and Pieces of Ordnance ; 
referving Machine for Battering Towers, | Piute’, § Mu/cult, running or 
rowling Towers, + Sambuca, Tollenones, and all forts of Scaling Enginesor 
Afcents, and all thofe Things, under which were fixed the Tormen- 
ta beforementioned, and under which they covered their Soldiers 
when they attacked a Fortrefs or {caled a Wall. In truth, he was in the 
right to make fuch a Diftinction between them, fince their Functions and 
Offices were fo different: Juft as here we ufe this Word Machine to 
fignify only, certain Artificial Inventions or complicated Heaps of Ar- 
tificial Fireworks, fuch as Palaces, Triumphal Arches, and other E- 
difices adorned according to the Rules of Civil Architefture, Caftles, 
‘Towers, Columns, Pyramids, Obelisks, Coloffufes, Medallions, feveral 
forts of Human Statues, and the Reprefentations of feveral Animals, 
together with Fountains, Terreftrial and Aquatich Fire-Wheels, with 
feveral other Things of this kind, which we thall treat of in their pro- 
per Places; all which we have called Machines, not fo much on the 
{core of their Forms (which are vaftly various) as on account of their 
Effects, with regard to which they not only walk hand in hand with 
the Machines abovementioned, but likewife exceed them very confidera- 
bly. We might indeed have taken in all manner of Pieces of Ord- 

I a 

} Tull. Cicero proDom. 17. $¢ Brut, Epift. XVIII, * Thefe were Engines :for 


‘fhooting of ‘Stones, || Thefeswere a kind of -moveable -Pent-houfes.or Galleries, 


§ Thefe were much the {ame with our Gallezies, 4 Thefe were for {caling.of ‘Walls. 
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nance under the general Title of Cannon; but hecaufe they vary fo 
much from each other in Form, Effect, and Property, as well as in 
handling ; and fince the particular Conftru¢tion and Ufe of each of them 
require a {elect Treatife apart, in order to inculcate a proper Idea of 
them into the Reader; they fhall each have a particular Chapter to 
themfelves in the Second Part of our Artillery. Now to illuftrate 
that che Word Machine would be no improper Term for our Ufe, 
I thall firft recur to the Teftimony of Moj/es, where he faith, + Only 
the trees which thou knoweft that they be not trees for meat, thou fhalt de- 
Stroy and cut them down, and thou fhalt build Machines againff the City 
that maketh War with Thee until it be febdued. And in the fecond Book of 
Chronicles, where mention is made of King Uzziab: ¢ And be made in 
Jerufalem Machines invented by cunning Men to be on the Towers and on 
the Bulwarks, to fooot Arrows and great Stones withal. Again; that 
Tlluftrious Prince of Architects and great Engineer Vitruvius, ftill farcher 
confirms me in what I have been faying, by placing Bakfe (from 
whence our modern Cannon are derived) in the Rank of Machines, gi- 
ving us their Order and Diftinétion to this effect: * A Machine és 
the Affemblage or Conjunction of feveral Members, and calculated for re- 
moving vaft and ponderous Bodies; Ihe Motion of which is artificially con- 
trived by the Help of Wheels and other Circular Movements. The 
Scanforium or Scaling Machine 1s of one Sort, the Spiritale or Pnev- 
matical Machine of another, and the Trattorium or Draught Machine 
of a Third Sort. The Scaling Sort is adapted for Perfons to climb up, by 
means of Crofs Pieces of Wood or Steps, without any danger, and to help 
in the overlooking of a Place. The Pneumatical Sort, by the Inflation of 
Wind or Air, expreffes Organnic Sounds, &c. And the Draught Sort is for 
carrying, removing or raifing up great Weights or Burthens. The Scaling 
Machines do not fo much glory in their artful Contrivance, asin the Bold- 
nefs of the Attempt, and are compofed of Chainings, Tranfums, Bindings, 
Foints, Buttreffes and Props. The Wind Machines are capable of very 
notable Eiffecis. But the Machine Tractorie or Draught Machines, are 
the moft Noble of all, as they are more Magnificent, and with a/fbare of Pru- 
dence applicable to mighty Ujes: The Action or Motion of fome of thefe is 
Mechanical, and of others Organnical. Between Machines and Organs 
there feems to be this Difference (namely) the Firft of them require 
the help of many Hands or additional Strength to affft them in the per- 
formance of their Effects: Such as the Balifte and the feveral forts of 
Prefies. And the latter on the other hand operate by the fight artful 
Touch of a fingle Perfon, as may be obferved in the Projections of the 
Scorpiones and || Anifocycle; therefore are they both ufeful in different 


T Deuter. XX. In thefe two Scriptural Paflages our Englifh Verfion ufes the Word Engine. 
+ Chr. Book Il, Chap. XXVI ver. xv. * Vitruv, Lib. X. Cap. I, 
{| This was an Engine compofed of a great Number of Wheels or Movement, 


Refpects 


311 


312 


Of the Great Art of ARTILLERY. Book V. 


Refpetts and Occurrences, and without them we foould be oftentimes em- 
barraffed in the carrying on of Works, 

From hence there may be thofe who will objeét againft me, and 
fay, that our Cannons, Mortars, Petards, &c. might be more pro- 
perly called Organs than Machines, and that they particularly ought to 
be called fo (according to the Definition above from Vitruvius) becaufe 
the greateft Part of them may be managed and governed by one Per- 
fon, But to this I reply; that the Word Organ cannot for that 
Reafon obtain with regard to the Greater Pieces, fuch as fome of 
the larger Cannon and Mortars, which cannot be loaded and play- 
ed by one Gunner, or laid to pafs by one Pyrodelif'; but require the 
Work of many Hands ; add to this, that they not only require to be 
tended by a Number of Men; but it is alfo neceflary to have 
Horfes to move and tranfport them from Place to Place: Bue I muft 
confefs that Mufquets, Piftols, and other Portable Arms might not 
improperly be called Organs, as well as the Scorpiones, Bows, and 
Crofs-Bows of the Ancients: However, if this will not fatisfy you, 
e’en call them Machines, as we have called our Cannon, and as the ce- 
Jebrated Ericius Puteanus has called them in his little Book of the 
Treble-Barrelled Gun invented by Mic. Flor. Langrenus, where he 
faith: At length, though late, the Firelock, that Machine of Ma- 
chines, was invented, and was firft ufed by the Danes. (And a little low- 
er) Now fince this Machine is contrived to carry three Bullets, very 
conveniently and in very little Room, &c. And a little lower he does 
not even {cruple to call Piftols Machines. This anfwers very much to 
our Purpofe ; but let us refume our Subject. Comprehending then all the 
Warlike Inftruments above recited under the general Denomination 
of Machines, we will under the Title of Bodies of Fire take in the 
feveral Pyrotechnic Tubes or Cafes as well Recreative as Warlike, 
Cylinders, Stocks, Barrels, Sacks, Baskets, to which we will add 
Crowns, Garlands, Fire-Hoops, Staves, Cups, and all other Arti- 
ficial Fire-Works of that Kind. Under the Title of Mifiles (by 
which are meant Proyeé?iles) we will range Fire-Darts, Arrows and 
Javelins, Fire-Pots and Flasks: Under this Head we might alfo 
difpofe of our Recreative and Military Globes, all which we have 
amply treated of in the Preceding Books; but each of them be- 
ing already diftinguifhed by particular Appellations, they feem to be 
excluded from this Lift: And indeed they bear little or no Refem- 
blance to thefe in Point of Form, though they may with.as much 
Propriety as thefe be ftyled Projeé#iles, from their being either thrown 
or fhot. In fine, under the Tide of Artificial Pyrotechnic Arms 
we comprehend Targets, Shields, Swords, Poles, Clubs, and Lances, 

And upon the whole, as thefe Things are partly Recreative and part- 
ly Warlike, we will divide this Book into two Parts; the Firft of which 
fhall treat of the Former, and the Second fhall inftruct you in the Latter. 


PART 
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PART L of this BOOK. 


Which Treats of 


RECREATIVE MACHINES, 


Maffes or Bodies Fix’d and Projectile, and 
Arms Artificial and Pyrotechnical. 


CHAP. I. 
Of Artificial Shields avd Bucklers. 


SORT I 


ay al a 


@) AKE two Fir or Lime-Tree Boards well dried and planed ; Fig. 171. 
é es of the Thicknefs of a Finger or thereabouts ; and get them 
ohn made Round by a Joyner, if you cannot do it yourfelf. They 
SSO A may be 3 Foot in Diameter, but that is left to the Difcretion 
of che Workman. Upon éach of thefe Round Boards trace out a Spiral 
Line, beginning from the Center of each of them, and continue it 
within an Inch of the exterior Circumference of them: The Revolu- 
tions of thefe Spirals muft be Parallel or Aiquidiftant from each other, 
and their Diftance may be 3 or 4 Inches or Fingers. Along thefe Lines, 
you muft cut out a Groove of equal Breadth and Depth throughout, 
with an hollow Chiffel (I thewed you fome fuch in Boog III.) or fome 
fuch Tool, fo that thefe Grooves may either bear the Form of a Con- 
cave Serfii-Cylinder, or of a Parallelopiped. The hollow Channels or 
Grooves when they are narroweft fhall be always 6 Lines, and when 
broadeft one Inch. Thefe Spiral Cavities muft be wrought upon each 
Board with fuch Exaétnefs and Nicety, that when you come to join 
them together the outward Extremities of each may exactly meet and 
correfpond with one another, in fuch manner that from their Meeting or 
LI} Ter- 
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Termination they may mutually involve together, and form a Spiral 
Hollow Cylinder; and therefore if you would have them anfwer cu- 
rioufly in this particular, you muft fo order it that the Spiral Lines 
you firft draw upon the aforementioned Boards, may be exaétly in the 
middle of the Channels or Grooves which you cut out, or fink into 
them: This done, you fhall fill the abovefaid hollow Spiral Cylinder 
with Quick Match loofely twifted, or with a flow Compofition {prinkled 
over with a Gum Water, that it may ftick together and adhere the bet- 
ter; to the end that when you come to join your Boards, the Compof- 
tion may not fall out of your Spiral Cavities, and by that means wafte 
your Time and fruftrate your Labour. This done, nail them together, 
and to fecure them ftill the better, you may alfo glue them. After this, 
you fhall trace out a Spiral Line upon the outward Surface of either of 
your Boards, (fo as exactly to correfpond with the interior Spiral) which 
mutt be bored with {mall Holes, into which you mutt thruft the Fuzes 
of fuch Crackers as I gave you in Fig. 108 under the Letter B, which 
Crackers muft be at the Diftance of two good Inches from one another, 
for fear when any one of them in particular goes off and burtts, it fhould 
fome how or other incommode thofe next to it: And therefore muft 
their Fuzes be firmly glued in the Holes they run into, and themfelves 
be well glued to the Board, and re-inforced with thin Iron Plates on the 
Outfide, or with good Marline or Packthread to prevent them from fly- 
ing abroad. To the Inner Side of this Shield (by which is meant that 
Side of it which is next to the Body) you fhall faften two Straps or 
Loops of Leather, or fomething of that Nature, that you may conve- 
niently handle your Buckler. In fhort, you muft pafte or glue a fingle 
Paper over all thefe Crackers, which muft be done fo artfully as to fwell 
out in a round Knob or Bofs, or elfe proje@ in a Spike or Point towards 
the Middle, and by means of the Bofs or Spike bear the exact Refem- 
blance of areal Warlike Shield: And in order to difguife the whole the 
more effectually, you fhall paint it over of an Iron or Copper Colour, 
There now remains nothing farther to do in this Cafe, than to bore an 
Hole whereby to fire it, if fo it be that your Inward Cavity does not 
come out to the Edge of the Shie/d. When you would have the Plea- 
fure of feeing the Effects of this, fet fire to the inclofed Matter without 
apprehending any Danger, and let the Perfon that holds it ftand firm 
at the Explofion of each of the Crackers, and not offer to throw away 


his Arms till the whole Procefs of its Operation is compleated. See 
Fig. 171. 


SORT IL 


Fig. 172. What we have ordered for the preceding Sort as to the Proportions 


of the Boards, the Form, Size, Spiral Lines and Cavities, the filling of 
them with Quick Match, the Faftening and Conglutination of the two 
4 Boards, 
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Boards, the Straps or Handles, and the Manner of covering the whole, 
muft be likewife obferved in the Conftruction of this: There is only 
this one Article that conftitutes a difference between them, (namely ) 
That .inftead of Paper Crackers parallel to the Plane of the Surface of 
the Shield, you mutt ftick in Running Rockets or Iron Crackers perpendi- 
eularly to the faid Plane: The Holes for receiving them fhall be bored 
clofe home to the included Match or Compoftion, and fhall be of fuch 
Breadth as is required by the Size of your Rockets, &c. Obferve here, 
that your Inner Cavity that holds your Match, may be made a little nar- 
rower than in the preceding Shield; becaufe the Fire purfuing its 
Courfe in that Spiral Direction, and fucceffively preying upon the in- 
cluded Matter, its breathing Holes or Vents are larger, and in greater 
Number, by its driving out thefe Rockets and Iron Crackers than before. 
Letter A points out the Place where you are to prime, and fet fire to the 
whole. See Fig. 172. 


SORT Of 


The Figure which you fee in 173, reprefents the Form of an ancient Fig. 173. 
Efextcheon. This alfo is conftructed much after the fame manner with 
the above Shze/ds, it being compofed of two light Boards: But there is 
this Difference fubfifting between them, that the Interior Cavity of this 
is not formed in a Serpentine or Spiral Direction, but is only a Complex 
Line according to the Breadth of the Ejcutcheon; I mean, that you 
muft draw Parallel and Vertical Lines (at the Diftance of at moft a Fin- 
ger from the Edges of the Boards) which laft muft alternately be pro- 
duced from the Extremity of one Parallel Line to another ; fo that by 
their mutual Terminations in each other, they may all together form as 
it were one continued Line, and confequently that the Cavities hollowed 
out in that Direction may be one continued Cavity compofed of feveral 
Branches (fomething like the Meanders of a River) defcending from the 
Top of the E/cutcheon to the Bottom. The Parallel Lines or Cavities 
fhall be 2 or 3 Fingers from each other, as we faid above. The Holes 
which you bore for your Rusning Rockets or Crackers muft be in fuch 
order as not to be direétly under each other, but in fuch a Pofition as to 
be Triangular-wife, or in fuch Manner that four of them may include 
or form a Rhombus, compofed of two fimilar and equilateral Triangles, 
by means of which the Rockets, &c. will be at a convenient Diftance 
from each other. As for any thing farther relating to the Eféutcheon, 
it is the fame with what we have above directed. You may contrive to 
give it an artificial Belly or Swelling in the Middle according to the Big- 
nefs of it, that ic may have the better Appearance, and that rifing out 
towards the Middle it may have the Shape of a Pan-tile, or fomething 
of that kind. 


SORT 
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SORT Iv. 


There prefent you with another E/cutcheon which is of an Oval or 
Fig. 174. Elliptic Form, as you may fee in Fig. 174: The Conftruétion of this is 
fomething like that of the preceding; but inftead of fingle Rockets or 
Crackers, you mutt have little Wooden Boxes, or Paper Cafes, or Cartouches 
as A, filled with Running Rockets, which fhall be alternately difpofed 
as in the laft Sort, (vz.) 'Triangularly or Rhombufidical. Your Cavi- 
ties aforementioned muft be in Proportion to the Length and Breadth 
of the E/cutcheon, and the Parallels may be joined as in the laft Sort by 
Vertical or Tranfverfal Lines or Cavities, which fhall turn to and exat- 
ly humour the Sweep or Form of the E/cutcheon, as in the foregoing 
Sort. Upon the whole, you may (if you pleafe) make your Inner Ca- 
vity in a Spiral Direction, exactly anfwering to the Form of the Efcut- 
cheon, and then difpofe of your Boxes or Cafes juft as you did with the 
Rockets and Crackers in the firft and fecond Sort: However, you mutt 
take care that the Revolutions of your Spiral Cavities (and the fame 
thing mutt be obferved, if your Cavity is wrought in a Rectilinear Di- 
rection) are at a much greater Diftance from each other than in the for- 
mer Figure, and that, in Proportion to the Size of your Cafes, which 
upon the fcore of their Largenefs ought to be at a greater Diftance 
from each other than the fingle Rockets and Crackers that do not pro- 
duce fo great a Fire. If the abovefaid Cafes are made of Wood, they 
fhall have their Bottoms bored with a {mall Hole, into which you muft 
thruft one End of a little Fuze (made of Copper or Iron) filled with 
Meal Powder, which mutt be driven very hard in it; the other End of 
each of thefe Fuzes fhall go into the Board which forms one Side of 
your Efcutcheon, and muft bear upon the Combuftible Matter contained 
within it through {mall Holes made to receive them; and by them the 
Fire will be conveyed to your Cafes of Rockets, and caufe them to de- 
part. If your Cafes are made of Paper, you may leave them open at 
Bottom, and let them into the Outward Surface of your E/cutcheon to 
the Depth of two or three Lines, and fecure them faft with Glue, hav- 
ing firft bored little Holes through the Board aforefaid, (which muft be 
filled with Meal Powder) which muft be exactly under the Middle of 
the Cafes. ‘This done, you fhall head up all your Cafes with Cornets 
or Paper Cones, if fo it be that the outward Surface of your E/cutcheon 
is to be flat and bare, but if it is to be fomewhat raifed or {welled in the 
Middle (which may be eafily done by a Covering of Paper or Cloth) 
their Heads fhall be flat. Any thing farther relating to this, may be 
gathered from what has been faid of the preceeding Sorts of thefe 
Shields, 


SORT 
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SORT V. 


The laft Sort of Buckler, which you fee in Fig. 175, cannot be per- Fig. 17%- 
formed till you have a previous Knowledge of the Conftruction of Fire- 
Wheels: 1 fhall therefore referve what I have to fay of it till I have 
treated of Wheels: I fhall only here inform you, that this E/cutcheon 
may be of what Form or Figure you pleafe, and that it muft be made 
but of one fingle folid Board, and.that the Surface of it may be flat, or 
fwelled out in a Bofs in the Middle of it; and finally, that the Fire- 
Wheel mutt be fixed exaétly in the Middle of thé E/cutcheon or Buckler, 
upon a {mall Axle or a round Pin firmly driven into the Wood, that it 
may turn round the more freely. Every thing farther concerning this 
Machine will be taught by the Sequel. 


CHAP. II. 
Of FIRE-CUTLASSES 


MAKE a Cutlafs of two Pieces of fmooth dry Wood, after the Fa 
fhion of a Polifh Sabre or Turkifh Scymitar, with a crooked Back 

and only one Edge, as may be feen in Fig. 176: Put the Edges of your Fig. 176. 
two Boards together, and keep the Back-open to the Breadth of two of 
three Fingers, fo that between them there may be a Hollow, whofe 
Profil or tranfverfal Section anfwers to an I/ofceles Triangle. Divide 
the whole Length of this Cavity by little Triangular Partitions of 
Wood, exactly ficting the Form of the faid Cavity, and glue them well 
to the Innerfides of your Cutlafs, and to faften them ftill the better drive 
little Wooden Pegs into them from the Outfide, or elfe little Brads: 
You fhall then add a Gripe or Handle to it, that it may be conveniently 
handled and managed. But before you faften in your little Partitions, it 
will be proper for you to make a little Groove or Channel within-fide, 
right over the Conjunction of the two Edges of your Boards, into which 
you muft put Slow Compofition to the Height of half a Finger, or elfé 
you may lay Quick Match in it, and cover it with a thin Sheet of Lead, 
or with a thin Slip of Board, over which you muft glue or pafte a Piece 
of Paper, to keep it down upon your Priming. You mutt not forget to 
bore little Holes through which your Compofition or Match may corre- 
{pond with each of your Partitions, and accordingly fire the Running 
Rockets (or Squibs) Stars, Sparks, Light-Balls, or other fuch like Things 
wherewith thofe Partitions are ufually filled up. In fhort, after having 
pafted a ftrong Paper over the Back of your Cutlafi, you thall coat it all 
Mmmm round 
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round with a Cloth, and paint the Blade of it in Imitation of Iron, If 
you would have any additional Pleafure from this Machine, you may on 
each Side of the Blade ftick Crackers in Saltier ; that is, in Form of 
St. Andrew's Crofs, as may be obferved in the Figare. The Touch-hole 
where you are to fire your Compofition or Match, muft be near the Point 
of your Cuzla/s, 


CHAP. III. 
Of an Artificial | Hanger or Dagger. 


Fig. 179. T# E Form of the Hanger which you have in Fig. 177, is not very 
different from that of the Cutlaf I juft now defcribed : This like 
the former is made of light dry Boards. The Edge of it is hollowed in 
the Form of a Concave Semi-Cylinder ; 3 in which you are to fix Rockets 
of 8 or 10 Ounces, more or lefs in Proportion to your Hanger, and in 
Proportion to the hollow Edge of it: You fhall fill them with one of 
the Slow Compofitions 1 have already given; but for want of them, the 
following Compofition will do very well. Take of Powder 5 Parts; of 
Saltpeter 3 Parts; of Coal 2 Parts, and of Sulphur one Part; beat, mix, 
aiid incorporate them well together, and fill up your Rockets with it to 
the Brim, without capping them or adding any Report to them as is 
commonly done for Rockets; in fhort, without heading up or boring 
thern at all, lay them open one upon another in the hollow Edge of your 
Hanger, and gluing them well on, cover them over with Paper. Far- 
thermore; you thay on each Side and on the Back of the Blade ftick 
Paper Crackers, in fuch a manner as not to be fhaken or torn off: To 
conclude, each of your Crackers fhall correfpond with the Rockets by 
little Fuzes filled with Meal Powder, through which the Fire may be 
conveyed to them from the Rockets. 


CHAP. IV. 
Of ARTIFICIAL SWORDS. 
It is wafting of Time to beftow more of it upon the Performance of 


any Thing than the Nature of it requires; a due Regard to which 
Maxim thall be had in this Chapter ; for in truth, the Figure of the 


$ The Freach calls this Demy-E/padon, ‘ 
Frre- 
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Fire-Sword which you have in Number 178, needs not the leaft Expla-Fig. 178 
nation; for it differs in #othing but in Form from the Artificial Hanger 

abové defcribed : Thetefore to avoid an impertinent Repetition of what 

has already been faid, atid the Trouble of inventing new Terms; I 

fhall tell you in few and plain Words, that the Conftruétion of the 
Fire-Sword does not vary a Nail’s-bteath from the Conftruction of the 
Hanger above. , 


CHAP. V. 
Of FIRE-POLES or RODS, 


OUR Fire-Poles thall be of the Length of 10 or 12 Foot, and of Fig. 179. 
the Thicknefs of 2 Inches at moft. You muft hollow one of the 
Ends of it with 3 or 4 Flutes to the Length of 2 or 3 Foot. Into one of 
thefe Flutes you muft fix Rockets or Sguibs prepared after the manner 
we ordered above; but in the others, you muft fix Paper Crackers on- 
ly; after having bored Holes through the Body of the Pole through 
which the Rockefs may have Communication with the Crackers » Wrap 
them then neatly in Paper, the more effectually to deceive the Specta+ 
tors. See Fig. 179. 


CHAP. VI. 
Of FIRE-WHEELS. 


SORT I. 


‘THE moft common and fimple Sort of Fire-Wheels is that which 
you fee reprefented upon our Shield or Efeutcheon in Fig. 175. chi. 175. 

is made of light Fir or Lime-Tree Boards well jointed together, and 
wrought in an Ofangular Form. In the Center of it is a little Nave 
into which the Spokes of the Wheel are fixed, which fupport the Fells. 
The Eight Sides of this are fluted or hollowed juft as.we have ordered 
for the Hangers and Poles; into which Flutes or Grooves you glue 
large Rockets (namely) one, two, or more, according to the Dimenfions 
of your Wheel. But it is in this Cafe neceflary that your Rockets fhould 
be bored juft like Sky-Rockets, and filled with the ufual Rocket Compo/i- 
tion; they fhall likewife be choaked at Top, faving only 4 moderate 
Hole in the Head of each, by which the Fire when it has confumed 

one 
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Fig. 180 


Fig. 181. 
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one of them may pafs to the next to it, and fo on till they are all bur- 
ned out fucceffively one after another; but the Head of the laft muft 
be carefully ftopped or clofed up, and you muft fome how or other 
contrive that it be not in danger of being accended nor incommoded by 
the redundant Fire iffuing from the firft. To conclude, you may to 
this laft Rocket add a Report of Corn Powder. 


SORT IL 


. This Wheel is a little more Artificially contrived than the foregoing. 

As to the Form of it, it is perfectly round, and has a Flute or Groove 
all round the Convexity of it, into which are fixed fuch Rockets as we 
ordered above: On each fide of the Fells (as they are commonly called) 
you muft firmly fix Paper Crackers, which thall correfpond with the 
Rockets by little Fuzes filled with Meal Powder. Fig. 180 will give you 
a compleat Idea of every thing elfé relating to it. 


SORTS III and IV. 


The Conftruction of the Wheel I am now going to give you is much 
the fame with that of the Firft Sort, and in point of Form is exactly like 
it. But this exceeds the foregoing two, inafmuch as it has two Rows or 
Revolutions of Rockets, in confequence of which it has two contrary 
Rotations (namely) to the Right and the Left, or Forwards and Back- 
wards. But you may imagine that thefe Rotations are not performed at 
the fame tige; but whirling round in one particular Diretion till the 
lower Range of Rockets is fpent, it turns back again by a Retrograde 
Rotation when the upper Rockets are fired, by means of a private Fuze, 
Caft your Eye upon Fig. 181, where you will fee how all this muft be 
ordered. 

‘Obferve here that all the Rockets (or Wheels) we have here mention’d 
muit be either in a Horizontal or a Vertical Pofition; that is, whilft 
they are burning, they muft turn upon an Iron Axle (fuch as you fe in 


Fig. 182. Fig. 182) either parallel to the Plane of the Horizon, or perpendicular 
Fig. 2°4-to it, =Under Fig. 204, I have reprefented an Horizontal Wheel di- 


ftinguithed by the Letter E, and clofe by it a Vertical one in the Letter 
G. Remember here that this Horizontal Wheel holds the Fourth 
Place of Fire-Wheels; becaufe it is in fome fort different from the reft; 
its fuperior Plane being all ftuck full of Running Rockets (or they may 
be Sky Rockets if your Wheel is big enough;) add to which, that the 
Conftruction of it approaches pretty near to that of the Shield or 
Buckler of the Second Sort, with regard to the Rockets that are ftuck 
into it: As to any thing farther concerning this Wheel, you may ga- 
ther it from what has been faid of the preceding Sorts. 


Befides 
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Befides this; I here give you a round Wheel, of which is formed a 
Bafon of a Fire Fountain. This you have in Fig. 202, diftinguithed Fig. 202. 
by the Letter B. The Plane of it is pointed out by E, but the true 
Orthography of it, and the manner how it is to be contrived fo as to 
turn round upon a Tube or Cafe of Compofition may be feen in F. But 
Jet us go on, for we fhall have occafion to fpeak more particularly of 
this in the Sequel. 


SORT V. 


In order to conftruct this Fifth Sort of Wheel, you mutt firft have a Fig. 183. 
pretty large Wooden Bowl or Dith, with a broad flat Brim, fuch as you 
fee in Fig. 183, under the Letter B. Then you muft have alight, dry, 
{quare Board, of 2 or 3 Foot in Breadth each way. Saw.off the Cor- 
ners of this Board and convert it into an O¢tangular Table, and cut out 
a round Groove (or as the Original has it Semi-cylindric) all round the 
Thicknefs of it. This done; cut outa large round Hole inthe mid- 
dle of this O@angular Board, in which you muft fix a Water-Globe, or 
fomething of that kind, or fuch as thofe we gave you in the Third Sore 
of Running or Leaping Globes; but be the Ball what it will, you muft 
fo order it that one of itsHemifpheres may be hid and received in your 
Wooden Bowl, and the other rife up above your O¢tangular Board: 
Nail down this Board upon the broad Brim of your Bowl or Dith, and 
fix your Globe in the middle of it, as we faid above, and tye it down faft 
with Wyre, or fecure it by any other Contrivance {fo as to prevent its 
efcaping out of the Bowl. Thisdone; glue fuch Rockets as we faid a- 
bove in the Groove that runs round the Thicknefs of your Board, lay- 
ing them clofe after ene another, fo that fucceffively tak{ng Fire from 
one another, they may keep (as long as they lait) whirling the Weel with 
one uniform Rotation. If you will you may add on each fide of the Wheel 
three or four fuch Boxes or Cafes as we mentioned above, which muft be 
erected perpendicularly to the Plane of your Octangular Board: To con- 
clude, you may upon the fame Board or Plane range a Number of Crac- 
hers lengthways following one another; of thefe you may not only have 
one Tire or Range, but two or three Tires one within another, juft as you 
fancy, and as the Extent of your Wheel (as we have called it) will permit. 

Your private Trains or Fuzes fhall obferve the following Order ; firft 
conduct one to the Rocket which is to take Fire the firft from the Globe 
fixed in the middle, whofe Side muft be pierced clofe home to the Com- 
pofition it contains; let this Train be of Meal Powder and clofely cove- 
red up. You muft then have Trains or Fuzes of Communication from 
the Rockets to each Box or Cafe, and from them to cach Cracker, and 
from the outward Ranges or Tires of Crackers to the Inner, if {0 it be 
that you have more than one, All thefe Trains muft be of Meal Pow- 
der. 

Nana The 
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The Boxes or Cafes muft be ordered and fixed,. as we direéted: in. our 
Fourth Sort of Shields. Finally, the whole as compounded of alll irs 
Parts fhall be univerfally coated with Pitch, fo that your Wheel being 
committed to the Water, that Elemene may not have the leaét Adimit- 
tance into your Trains, Rockets, Cafes and Crackers, nor imto your 
Bowl or Dith; for except it be very fubftantially coated over, your La- 
bour will vanifh in Smoke, or (to fpeak more proper in the prefent cafe) 
turn into Water, and balk you of the Diverfion you expected. In 
doing this then, the Pyroboi/? will have an Opportunity of difplaying 
his Induftry and Skill. 
Obferve here this Firework muft be enkindled in the Middle of it, 
and as foon as your Compofition is thoroughly fired you muft eafe it gent- 
Fig. 183. ly down into the Water. Caft your Eye upon the Fig. where you will 
fee a Curious Reprefentation of every thing we have here defcribed, 
diftinguifhed by the Letter A. 


CHAP VIL 
Of Artificial Clubs or Maces. 


SORTS I and I. 


I Shall not here take up your Time with a particular detail of the fe- 

veral Sorts of Clubs which Pyroboli/is have been pleafed to invent and 
defcribe ; for (as I have already faid) I do not propofe to dwell upon any 
thing that is trivial, nor to {weep out our Pyrotechnic Granary to the 
minuteft Straw, but only by an affiduous Labour and Induftry to pick 
out the choiceft Grains of our Pyrotechnic Stores for you: And there- 
fore I fhall only prefent you with the three following Sorts. The two 

Fig. 184. firft of which Fig. (184 and 185) are perfectly like the Water Globes of 

and 185: the Seventh and Ninth Sort, and therefore I fhall refer you to them for 
the Conftruction of thefe. You need only add handfome turned 
Handles to them, fuch as you fee reprefented in the Figures theméelves, 
or any other that our Pyrobolift thall like better. To this I fhall fubjoin 
a Compofition that I take to be more proper and convenient for thefe 
than what is ufually made for Water Globes. Take of Pitch 1 Ib; of 
Sulphur iii); and of Coal 2ij; beat, mix and incorporate them well to- 
gether, and {prinkle them over with any fat, oily Subftance or with 
Brandy, atid charge your Bails with this Mixture: Or if you pleafe to 
make ufé of the Compofition we ordered above for the Cutla/s it will 
do very well and is very fit for this purpofe, 


SORT 
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SORT IL 


Get a Clad turned with its Handle and a Spheroidical Head, and let Fig. 186. 
it have a Spheroidical Cavity withinfide ; but this Cavicy muft be fo con- 
trived that the Solid Subftance of the Wood or Shell be throughout of 
the Thicknefs of five Inches at leaft: Or elfe it may be bored with a 
round Hole from the Top to the Middle of it, of the Breadth of 3 or 4 
Inches. Farthermore, you muft bore the Sides of it all round with 
Holes of the Diameter of 3 or 4 Inches, and to a Depth anfwering to 
the Length of a Running Rocket, alt which Borings muft tend to the 
Cavity in the Middle. 

You muft then bore fine Holes branching from the Bottoms of thefe 
great Cavities, to that in the Middle, in which they muft all terminate; 
and thefe fhall be filled with Mea/ Powder. ‘This done, make Paper 
Cafes upon a Rowler, which mutt be a lictle lefs in Diameter than the 
Cavities abovementioned; thefe Cafes fhall be neatly pafted together, fo 
as to flip eafily into the Cavities they are to be fixed in; and if you will, 
you may make Paper Bottoms to them, provided that thofe Bottoms are 
pierced in the Middle to give the Fire Conveyance to the Rockets which 
are confined within them: Having fixed them in the Holes of the Head 
of your Club, you muft cover each of them up with a Paper Cone, af- 
ter having capped all your Cafes with a round piece of Paper, to 
keep them from falling out of their Holes: You may fill the middle- 
moft Cavity of your Club with the Compofition we juft now gave for the 
two foregoing Sorts; or you may ufe the following, which is much of 
the fame Nature. Take of Saltpeter one ib; of Sulphur ib fs; of Pow- 
der 3 iiy; Of Coal 3 ij. Finally, dip the whole Body of your Club, armed 
as it is with its pointed or conic Heads, into a good Quantity of melted 
Pitch, or coat it over with Glue; in a Word, paint it over of what Co- 


lour you pleafe. See Fig. 186. 


CHAP. VIII. 
Of the FIRESTAFE or STICK. 


HE Fire-Staff may fometimes fupply the want of an Artificial Fig. 189. 
Wheel, inafmuch as it is contrived to turn and whirl round upon 
an Iron Nail or Axle, which is an Aétion common to Fire-Wheels: As 
to the Conftruction of it, it is neither very coftly nor troublefome: You 
are to fill two Sky-Rockets of what Size you will with a futable Compof- 
#10n up to the Brim; and bore them to $ of their Height with a proper 
Borer 
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Borer or Taper-bit. Then get a folid Wooden Ball turned with two 
Arms or little Axles Diametrically oppofite to each other, and exactly 
fitted to the Orifices of the Rockets into which they are to be ftuck. Bore 
then an Hole through the Body of your Ball, interfecting the Imaginary 
Line which paffes through the Center of the Arms or Axles of your 
Ball at right Angles: To the Outfide of thefe two Rockets you may fix 
Crackers all on the fame Side; but their little Fuzes muft be 2 of 3 Fin- 
gers from the Orifices or Heads of the faid Rockets. On the Side oppo- 
fite to thefe Crackers there muft run a long Tube or Fuze, through 
which the Fire may be conveyed from the firft Rocket that burns out to 
the Choak of the other; which fhall be covered with a little Paper Cap, 
as we ordered formerly with regard to Rockets that run upon Lines. In 
the Profil (Fig. 187.) you fee the Wooden Ball with its two Axles diftin- 
guifhed by the Letter A, as ftuck into the Orifices of the Rockets; B 
and C are the two Rockets as filled with Compofition, and bored as they 
ought to be. E and F are the Paper Crackers. D the Tube or Fuze; 
the reft may be learned from the Figure itfelf. 


CHAP. IX. 
Of te FIR E-CUP. 


Fig. 188. ORDER a Cup or Goblet to be made of Wood or Metal, after the 
“ Fafhion of any Drinking-Cup that you like beft; as for me, I 
find none better adapted to this Purpofe, than that which you {ee repre- 
fented in Fig. 188: The Lower Part or Leg of it muft be bored from 
the Foot up to its Concavity, into which Boring you thall thruft a 
Wooden or Metal Fuze filled with the following Compofition, which 
will yield a very black obfcure Fire. Take of Pitch 3 iii); of Sulphur 
3 ij; of Coal 43; of Crude Antimony 2 ij; and of common Salt 3 j. 

Fill the Capacity of your Cup with Running Rockets (or Squibs) af- 
ter having falted the Bottom of it over with a Mixture of Meal 
and Corn Powder to make them fly out. Shut them in, and cover them 
with a round Board of the Thicknefs of 3 or 4 Lines, and thar, to fuch 
a Nicery that the lower Surface of it may bear upon the Heads of the 
Rockets, and its Circumference exactly correfpond with the Concavity 
of the Cup. Then pitch the remaining Cavity of your Cup up to the 
Brim, and cover the round Board upon the Rockets with a tarred Cloth, 
to keep it tight, and to prevent any of the Pitch from running in among 
the Rockets. 

The ingenious Pyrobolj# may apply this Cup to a thoufand artful 
Ufes; particularly in drinking to the Health of fome Perfon of Diftin- 

4 ction, 
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tion. He: need anly firft fire the Fuze or Cafe that runs down to- the 
Center of the Foot of this Goblet, and whilft that is burning, tofs off 
at ance: what Liquar is in it, and immediately lifting it above his Head, 
keep. it in, that Situation till. the Rockets are fired and flown out of the 
Cap: But I muft here tell you, it is proper that you fhould have 
no.more Wine in, it than may be drank off at one or two Gulps; or elfe 
it may be neceffary for the Drinker to have a, Throat formed after the 
German Fafhion (I ask Pardon) I mean the Greczan; to fwallow it 
down at once, if there be a good Quantity of it; for-in this Cafe you not 
only run the Hazard of burning your Nofe, byt alfo of fpoiling your 
whole Face. Now befides the Cup I have here given you, you may 
confuls Fig. 209.and 201, where you will find others. 


CHAP. X. 
Of Artificial Cafes or Tubes. 


OF all the Pyrotechnice/ Inventions that have been brought to light, 

there are none fo important or neceffary in the Conftruction of 4r- 
- tifictal Pyrotechnical Machines (which we fhall treat of in the fubfequent 
Chapter) as thefe Ca/es or Tubes; for I believe it is impoffible to think 
of any Contrivance, that would be more proper to fill up, fupport, and 
bear a whole Machine, or to throw aut fuch a Diverfity and Redundan- 
cy of Fires, in what Order and Succeffion the Pyrobol# thinks fic to pre- 
{cribe, than thefe Cafes, which are ufed in Pyrotechnics : And there- 
fore I thall here prefent you with fome of thofe Sorts which are in the 
_ greateft Requeft among Fire-Engineers; and that, in the moft regular 
and confpicuous Order I am able. To begin, : 


SORT I. 
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In Fag. 189 you have the Conftruction of a Ca/e compofed of feveral Fig. 189. 


Pieces or Boxes, whofe Height is arbitrary, and may be as you pleafe. 
Now all thefe Boxes have hollow Bottoms adapted to receive and cover 
the Boxes which are immediately under them. If thefe Pieces are 
made of Wood they muft fo exattly fit, and receive each other, that it 
may be difficult ro diftinguifh the whole from one continued Piece: If 
on the other hand they are made of Paper (which I like beft both on 
the fcore of theix Strength and Lightnefs) you muft, in Confideratiog 
that they are ail of one Size, pafte on a Foot or Bottom of about a 
Palm in Height 10 each of them, the Interior Cireumference or Con- 
cavity of which Bortoms mut exactly fit and correfpond with the Con- 

Oo000 vexity 
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Fig. 190 
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vexity of the Boxes or Cartouches themfelves: In fhort, they-muft be fo 
contrived as to flip into and fit ‘each other. 

I know of nothing more convenient for the Conftruction of thefe 
Boxes than the Engine diftinguifhed by the Letter A, and the two Cy- 
liridrical Formers by B and C, upon: which (having previoufly greafed 


them over with Soap) you fafhion your Boxes juit as you think proper, 


by pafting one Revolution of Paper upon another, turning round your 
Former which has an Axis at each End, fufpended upon two Crutches; 
and having an Handle at one End to turn them round with. Be- 
ing thus formed, put them to dry by a moderate Heat; for if you 
dry them fuddenly by a brisk Fire, they will fhrivel up : And therefore 
as foon as they are taken off from the Former, you immediately clap 
round Wooden Boards into them to ferve for Bottoms, which are fub- 
ftantially glewed into them, and afterwards nailed in from the Outfide 
to fix them in {till the more firmly. The Wooden Fuze belonging to 
the Bottom of each Box muft be ordered and filled juft after the fame 
manner as we directed above for the fourth Sort of Water-Globes ; and 
the Rockets fhall be fixed after the fame Fafhion. Now, if you are de- 
firous of feeing how all thefe Ca/es are adjufted and fixed in Pyrotechni- 
cal Machines, caft your Eye upon the Statue of Fortune which we have 
reprefented in Fig. 202, where you will fee one of thefe diftinguithed 
at large by the Letter A. 


SORT Il. 


In the preceding Sort, I have given: you a Cafe compofed of feveral 
Pieces, which are deftroyed and blown up by Degrees, as faft as the 
Rockets contained in one of them can force away the empty Box fuper- 
incumbent upon them, which has already difcharged its Load; but I 
here prefent you with fome that are folid, and which always ftand pof- 
fe(s’'d of their full Height; and only bear rtificial Fire-works. on their 
Outfides, which being ranged in a continued regular Order from the 
Top to the Bottom, burn and fly up into the Air to the Aftonith- 
ment of the Beholders: Or they contain Artificial Recreative Globes, 
and feveral fuch like Things which mount upwards to perform their 
Effeéts, and leave the Cafe empty: All thefe I thall entertain you with 
in the moft perfpicuous and concife Method I am able: Firft then. 

The Cafe or Tube which you fee in Fig. 190, muft be made of folid, 
hard, dry Wood, of what Height and Thicknefs you fhall think proper. 
You muft bore it with a large Augre to the Breadth of a Third or at 
leaft $ of the Solidity of the Wood. ‘You muft then divide the whole 
Height of it into certain equal Parts, which fhall exactly correfpond 
with the Height of the Sky-Rockets you intend to fix upon it, or 
they may be a little fhorter. All thefe Parts fhall be cut floping in 
downwards, excepting only the uppermoft which muft be a Cylinder, 

but 
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but all the reft fhall be Portions of a Cone reverfed, fo that the whole 
may be divided as it were into Joints like a Cane, and each Joint have a 
pretty broad Shoulder. Thefe Shoulderings muft be flat, and have a 
Groove cut into them, and running all round them, which mutt be of a 
_ Finger’s Breadth; and of the Depth of 6 Lines, or thereabouts. From 
thefe Grooves you mutt bore fmall Holes, by which the Fire may be 
conveyed to the Trains in them from the Body of the Ca/, to light the 
Rockets which ftand upon them in Paper Cartouches, which mutt be 
fecurely fixed to the Wood to prevent them from flying away with the 
Rockets. As to the Conftruction in general of this, I fhall refer you to 
our Chapter of Water-Globes, where you will find fomething of this 
nature in Fig, 101: But the Figure I have given of this, will fufficient- 
ly inform you of every thing relating to it, where A and B denote the 
Joints of this Cafe or Tube with their Rockets; C the great and {mall 
Cavities for your Trains ; and D the Orifice of the Cavity in the Body 
of it. Your Trains in general muft be of fine Meal Powder. But the 
great Boring which runs down the. Middle of the whole (as well as of 
the reft which we fhall defcribe hereafter) fhall be filled with one of the 
Compofitions we gave for Water-Globes or Fire-Balls: But I muft cau- 
tion you to put in about half a Pound of Corn Powder after every 5 or 
6 Ib of Compofition, in order to clear and {cower the Infide of the Cafe 
from the Sgot, &c. which will ftick to it, and fupprefs the Flame, and 
impede. its lively Afcent. The Bottom of this Tube fhall be folid and 
fubftantial; that is, you muft not bore. it quite through, but leave 3 or 
4 Inches of folid Bottom to it. 


SORT UWL. 
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The Form of this Cafe in Figure 191, feems to differ pretty much Fig. 191. 


from the preceding ; becaufe this appears to be a perfectly round 
and uniform Cylinder ; though in the main it is hollowed, and cut 
out in the fame manrer as that above. You are to trace out a 
Spiral Line from one End to the ether of its Convexity; upon 
which Line you (at a convenient and equal Diftance) are to cut out 
Morteffes or Holes to the .Depth of two or three Inches, whofe Bafes 
and Perpendiculars fall obliquely upon the Axis and its Parallels: (See 
Letters B and C upon the fame Figure;) Into thefe Morteffes you mutt 
contrive to fix Paper Cafes with Wooden Bottoms, into which you may 
put any Sort of Rockets you pleafe, as you fee in A and E. But you muft 
take care to have Fuzes or little Holes branching out from the Body of 
your great Tube to the Corn Powder beneath your Rockets. 


SORT 


328 


Of the Great Art of ARTILLERY. Book V. 


SORT W. 


Fig. 192. Iocan hardly add any thing farther of this to what I have already {aid 


Fig. 193: 


above ; for this Ca/e is Coufiri-German té the preceding one. How- 
over, there is this Difference between them; that the firft is:armed wich 
Rockets which fly out of certain Paper Ca/es; and on the contrary, this 
is furrounded with a Number of Boxes or Cartouches difpofed in a Ser= 
pencine Order, like the firft: Add cto which, that they are fecured as faft 
and firmly as poffible by being glewed, nailed, &c. upon the Convexi- 
ty of the great Tube or Ca/é, and vomit forth a great Number of Rua- 
ning Rockets (or Squibs); and in a Word, their Pofition is Right and 
Parallel to the Axis and Sides of the Tube they belong to. As to any 
thing farther; this can boaft of nothing that it has not in common with 
the other. 


SORT V. 


Divide the Periphery or Circumference of a Cylinder at each End 
into a certain Number of equal Parts, and then produce Subtenfes or 
Chords fucceffively terminating in your Points of Divifion. By this means 
you will have two Multi-Angular Figures (viz.) one at each End, whole 


Angles and Sides are mutually Similar and Equal. Thustaking the Sides 


of thefé Polygons for your Guides and Directors, cut away the Convexi« 
ty of your Cylinder and convert it into a Polybedronic Prifm: Vf you 
have not a clear Idea of this, caft your Eye upon Fig. 193. 

This done, bore it through the Middle with a large Augre, as we di- 
rected for the reft; and bore each Hedron or Side of it with a Number 
of Holes all falling obliquely, of at acute Angles, upon the Axis of the 


‘Prifm, and the Plate of its Sides; all which muft penetrate to the 


great Boring in the Middle. Into thefé Holes you muft thruft Iron 
Crackers, or Running or Sky Rockets, if your Tube is in Proportion to 
them or can bear them. 

The Tower which you fee in the Middle of our Citadel fortified 
with 5 Baftions is built upon a Tube of this Kind, as may be perceived 
in Fig. 204. But the Ingenious Pyrobpfiff may apply this to feveral o- 
ther Ufes, whether Recreative or Warlike : For my Part, I thall {peak no 
farther of it, but proceed to give you af Account of others which I 
like full as well. 

SORT VI. 

If you pleafe to recollect; you may remember that I difcourfed pret~ 

ty largely upon a Tube of this Kind in Book II, when I defcribed to 


you the Third Sort of Sy Rockets, and alfo in Book IV, when I creat- 
ed 
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ed of the Twelfth Sort of Water Globes: So that notwithftanding I 
promifed you then to amplify upon this in another Place, I find the 
Difference between thofe which I formerly defcribed, and that which I 
have now taken in Hand, to be fo very inconfiderable, that I can hardly 
diftinguifh one from the other, except it be with regard to Size, and 
therefore I fhall refer you to what I formerly {aid to inform. yourfelf in 
the Conftruction of this: However I muft obferve to you by the way; 
That all Sorts of Cafes or Tubes (excepting that which we defcribed 
Firft) may be filled after the fame manner as what you fee in Fig. 194. 
Where A points out Pyrotechnic Stars and Sparks interfperfed with Corn 
Powder. Ba Recreative Globe filled with Paper or Iron Crackers. C 
a Light Ball, or Water Globe, which of them you pleafe. Finally, D 
fhews you another Recreative Ball filled with Running Rockets. The 
Hollows and Interftices between thefe Fires are filled with a Slow Com- 
pofition or Corn Powder to blow out the Globes &c. one after another. 
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Truly,I find nothing more troublefome, nor would there be any thing Fig. 195. 


more unprofitable than to coin new Words to defcribe each of thefe 
Tubes, Gnce by the Conftruction of any one of them you may with a lit- 
tle Thought get the Knowledge of all the. reft: Add to which, that che 
Figures I have here given you of them, illuftrate them fo evidently and 
plainly, that it is impoffible for you to commit any Miftakes if you du- 
ly confider them. And therefore I fhall add but two or three Words in 
favour of this Sort. Namely, that you are to fix all your Crackers up- 
on the Convexity of it in a Spiral Line, whofe Revolutions are pretty 
clofe to one another, and that they muft be difpofed in fuch Sort, that 
they may anfwer to the Form of a Rhombus compofed of two Equila- 
teral Triangles; or elfe Saltier-wife, or in Form of St. Andrew's Crofs. 
Confider a little on what has elfewhere been faid, and caft your Eye up- 
on Fig. 195. 


SORT VII. 


Take a Wooden Cylinder fmoothly turned, or let it at leaft be cut Fig, 196. 


out in a roundifh Form, and let its two Bafes or Ends be equal. Its 
Diameter or Thicknefs muft be left to your own Fancy, but its Height 
or Length fhall be always fix times or ten times its Breadth or Thick- 
nefs. This done; flute it as you fee in Fig..196. Now left you might 
not know how this is to be done, I fhall difplay it to you in few Words. 
Divide the Periphery of the Bafe into 6 equal Parts, which you may 
do by taking the Semi-diameter of the Cylinder: Subdivide then each 
Sixth into 7 other equal Parts, and take one of thefe laft Parts for the 
Lift or Interfpace between the Flutes or Channels, and the 6 others 
Pppp fhall 
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fhall be left for the Channels betwixt the Lifts. They are formed 
thus. 

Take the half Breadth of each Hollow or Flute for a Semi-Dia- 
meter or Radius, and defcribe a Semi-Circle from a Point in the Pe- 
riphery of your Bafe. . Then skipping over 7 for an Interfpace or 
Lift, defcribe another Semi-Circle. from the Periphery in the fame 
manner, and fo proceed till you have defcribed 6 Arches. The 
fame thing muft be done at the other End or Bafe. In fhort, having 
produced Right Lines from one End to the other of your Cylinder ter- 
minating the Breadths of your Interfpaces or Lifts, and your Flutes or 
Channels; hollow them in Proportion, and by the Direction of your 
Semi-Circles at each End, and the Lines upon the Curve Surface of 
your Cylinder. Then bore the Body of it from one End to the other, 
in fuch Proportion that the Diameter of the Boring may be § or } of the 
Breadth of one of the Hollows or Flutes wrought into your Cylinder. 

Then prepare little Mortars after this manner. Get fome Wooden 
Cylinders fo as to fit each Channel or Flute; hollow them out, and add 
Chambers to them (as may be feen in B) which Chambers fhall be } or + 
of. your Flutes in Depth, and the Breadth of ¢ only. Thefe Chambers 
are defigned to hold Corn Powder. 

Reinforce thefe Mortars ftrongly with Paper Cafes on the Outfide, 
and nail them faft in the abovementioned hollow Channels; whofe 


’ Concavity they are exactly to fit; but as to the Length of them it thall 


be double of their Breadth. Thefe little Mortars muft each contain a 
Recreative Globe made of Paper, but with Wooden Bottoms prepared 
after the manner we formerly direéted, and their Chambers muft be 
charged with Corn Powder. ‘Then having traced out a Spiral Line from 
one End to the other of your Cafe or Tube, fix thefe Mortars upon it 
(chat is) in a Spiral Direction with refpect to each other, and fecure them 
faft in your Flutes, by little Iron Staples driven into the Bottoms of 
them, and into the Sides of the Lifts or Interfpaces, and bind the Mid- 
dle of them with an Iron Plate faftened at each End upon the Face of 
the Interfpaces: And if after having done all this, you apprehend they 
are not fufficiently fecured, you may fix beneath them a Wooden or 
Iron Bracket. But before you thus fix on your Mortars, you muft ne- 
ceffarily pierce little Holes into the Body of your Cafe, which mutt be 
filled with Meal Powder, exactly upon which you muft place the Touch- 
holes of your Mortars, Every thing relating to this may be eafily ga- 
thered from the Figure ; in which A and B point out the Mortars, and 
C diftinguifhes the Recreative Globe. But here I muft farther acquaint 
you, that there muft be but one Mortar in each.Channel or Flute. I 
fhall not here repeat how you are to fill the Boring in the Middle of it, 
having mentioned it fo often already. 


COROL. 
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COROLLARY I 


All thefe Tubes or Ga/es may be contrived fo as to be portable after 


the manner of C/ués. And -to.that purpofe you need only add an Han- 
dle or Gripe to them, that you may manage them without any danger 
to yourfelf, and at the fame time deftroy your Enemies: And upon 
this Account they may not only be ranked amongft Recreative Fere- 
Works; but may alfo be allowed a Place amongift the moft Serious and 
Military, by filling them with fomething of a pernicious Nature and 
Effect, and arming them on the Outfide with fuch Things as are proper 
to do Execution. This Hint I thought proper to make here; but I 
fhall in the Sequel have a proper Opportunity of fpeaking more fully on 
this Subject. 


COROLLARY I. 


Though thefe 7 laft great Tubes might very properly be filled with 
thofe Compofitions we formerly gave for Water-Globes and Fire-Balls; 1 
fhall neverthelefs fubjoin the following Compofitrons for their Ufe, which 
will be particularly adapted to them. 

I, 

Take of Powder 12 tb; of Saltpeter 8 tb; of Coal 4 th, and of the 

Filings of Iron or Hammer-flaw 2 tb. 
i. 

Take of Powder 24 1b; of Saltpeter 10 1b; of Sulphur 6 th; of Coal 
4. Ib; of Colophone 2 ib; and of the Rappings or Sato-Duft of Wood 
8 ib. 


COROLLARY If 


In deftribing the above Figures we often made mention of an Heli« 
cal or Spiral Line to be traced round the Body of a Cylinder ; I thére- 
fore think it neceffary to touch a little upon the manner of doing it; 
to the end that you may be enabled to fucceed not only in the Conftriic- 
tion of our Tubes and Cafes; bur alfo to perform feveral Things if 
Engineering, whether Mechanical or Hydraulical. Now having met 
with a Pafiage in Vitruvius which anfwers exa@ly to my purpofe, 
whereby he inftructs us how to make the Helical Screw, or Spiral Ma- 
chine for raifing Water, which is faid to have been inverited by Ars 
chimedes long enough before Vitruvius was born; I thall here infert it. 
Attend then to what he faith. 

t There is a kind of Screw which raifes Water with great Power, but 
at to fo great an Height as the Wheel. The er esa and Propors 


¢ Vitruy. Lib, X, Cap. IL : 
frons 
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tions of it muft be thus ordered. Take a piece of Timber, whofe Thicknef; 
or Breadth muft be brought to confit of as many Inches as its Length does 
of Feet, and let it be made round. Divide the Periphery of it at each 
End into 4 Quadrants, or into 8 Semi Quadrants, dy Radii or Lines 
branching out from the Centers, and terminating in the aforfeaid Periphe- 
ries; and let thefe Lines fo agree and correfpond with each other that the 
Timber being fixed upright, the Lines of each Bafe or End may be exaétly 
perpendicular over each other: From the exterior Extremities of thefe 
Lines (viz.) at each End, produce right Lines which may join them toge- 
ther, fo that between thefe Lines thus produced there may be included % of 
the Curve Surface of the Timber or Cylinder from one End to the other. Thus 
thefe Eight Spaces will be equal both in Length and Rotunaity(or Breadth.) 
Being thus adjufted mark out oblique Lines or Diagonals between them, with 
Points upon each Line, continually following each other in an uniform Di- 
rettion. Tbe whole being thus ordered, take a thin Switch or Ruler of 
Willow, and anointing-it ever with Tar, or daubing it with any thing of 
that Nature, fix it in the Points of the Firft Diagonal, and from thence 
apply it to the Obliquities and Circuits of the other fubfequent Diagonals. 
And thus proceeding onin anaturaluniform Succeffion uniting and connetting 
the Points of your Diagonals together you will have your Helical or Spi- 
ral Line formed. And here you muft obferve that the more oblique your 
Diagonals are, the lefs frequent, and farther off will your Spiral Revo- 
futions be. from one another. Your Line being thus formed by an uniform 
Progreffion of Diagonals interfecting the Lines or Divifions of the Curve 
Surface of your Cylinder obliquely; bollow out a Channel in that Direéti- 
on juft.after the manner of .a Screw. 

Thus far Vitruvius concerning Archimedes’s Hydraulic Screw; but if 
it can be poffible that the above Quotation is not plain enough to in- 
ftruét you in the Operation, you may confult the Commentaries of Phi- 
lander and Daniel Barbarus upon the fame Subje&, who have handled 
it with greater Prolixity. 

Farthermore Mar. Bettinus in his -+ AErario Philofophie Mathematica, 
or his Treafury of Mathematical Philofophy, has a particular Way of 
generating a Spiral Line, which is by fome fuppofed to be invented by 
Albert Durer. ‘The fame Bettinus gives us another method of doing it, 
which he took from { Pappus; where he explains the Meaning of Vi- 
fruvius in the Paffage above-quoted: I have here then taken from that 
Author the moft compendious Method I could poffibly find to inftrué 
you in the Subject in hand, after having retrenched fome little Super- 
fluities that could no ways anfwer our Purpofe. Thus. 

Let a Right Line be given equal to the Perimeter of a Cylinder, and 
upon one of its Extremities let fall or raife a Perpendicular; (which 
muft be foorter or longer juft as you propofe to have the Revolutions of 


ot Mar, Bett. Tom. 1, Pag. 43. and 49, ¢ Pap, Lib. XIII, Coll, Mat, Prop. 24, 
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your Spiral more or lefs frequent) then from the Upper Extremity or Ver- 
tex of the faid Perpendicular, produce an Oblique Line or Hypothenufe 
terminating in the other Extremity of the Bafe or given Right Line: 
This done, cut out this Triangle in Paper ; and by circumvolving or wrap- 
ping the Bafe of it round the Perimeter of the Cylinder, the Hypothenufe 
by its oblique Embrace will circumferibe a certain Limit upon the Con- 
vexity of the Cylinder which will be your firft Spiral; having then de- 
frribed it with a Pencil; apply your Triangle a fecond time for a fecond 
Spiral. 

Tbe Right-angled Triangle by its Bafe foews the Circular Progrefion of 
the lower Extremity of the Perpendicular: And the Perpendicular Side 
of it gives you by its Length the Progreffion of the other Point of the 
Perpendicular upwards during the Time it was furrounding the Periphery 
or Perimeter. 

I fhall to this only add that we might by this laft miethod very 
conveniently and readily defcribe an Helical or Spiral Line, round the 
laft great Fire Tube I gave you; (namely) by means of a Right-An- 
gled Triangle whofe Bafe is equal to the Perimeter of the Convexity 
of the Body, and its Perpendicular equal to the Height of it. Thus 
by applying fuch a Triangle upon a Tube or Cafe of the aforementi- 
oned Sort, the Hypothenufe will make a perfect Spiral upon the Con- 
vexity of it, upon which Spiral you muft range your Mortars in the 
Flutes or Channels wrought into the Surface of your Tube, and then 
fecure them as we before directed. 

From the fame Author you may alfo learn a Method of defcribing a 
Spiral upon a Plane, which will be neceffary for you to know, that you 
may be able to make the Serpentine Grooves in your Artificial Shields 
and Efeutcheons as we {aid above. 


CHAP. XI. 


Of feveral Recreative Pyrotechnical Machines and Engines, 
compofed of Rockets, Crackers, Globes, Wheels, Buck- 
lers, Clubs, Symetars, Swords, Poles, Staves, Tubes or 
Cafes, and all fuch like Artificial Fires. 


Att that we have hitherto faid of Artificial Recreative Fire-Works, 

tends to this Chapter as to its Center: And all chat we have hi- 
therto taught in our Difcourfes on the Method, Order and Fathion of 
conftructing all the foregoing Fire-Machines, has been no other than the 
Rudiments or Apparatus, to qualify or enable you to carry on and 
compleat the noble Machines exhibited on Popular Occafions ; in fhort, 
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I have hitherto been only infinuating into you a Knowledge of the fe- 
veral Effentials, and furnithing you proper Materials to build with. In 
this Chapter I fhall teach you the Affemblage of them, which is defined 
tobe, an ordering and difpofing of the feveral Parts fo that they may not 
hinder and embarrafs one another ; and the giving a Thing that Form and 
elegant Appearance which ftrikes the Eye of the Spectator in a pleafing 
manner. Now this general Definition may be divided into feveral par- 
ticular Branches, of which I thal} here make Choice of two without fpe- 
cifying the reft which the Architect ought to be perfect Mafter of, and 
which the Pyrobol# ought not to be wholly ignorant in. The firft then 
fhall be the Themati/m (from the Greek Word Senaticn@.) which figni- 
fies the Decorum and Gracefulnefs of any Pile ; and is defined to be she 
making the whole Afpect of a Fabric fo correct, that nothing fhall appear 
but what is approved and warranted by fome Authority. Now this laft 
Quality of any Thing, is the Refult of the profound Meditation, and af- 
fiduous Study and Diligence of the Engineer, in colleCting all fuch In- 
ventions and Contrivances as may be futable to the Time and Place, 
where and when he exhibits his Work to the Public; and in accommo- 
dating them to the Rank of the Perfon by whom he is employed; in 
ftri€tly keeping up to all fuch Things as feem to be in the moft general 
Efteem amongft Mankind; in clofely obferving the Nature of Things ; 
and in never attempting any Chimerical Impoffibility, or ought elfe that 
might in any Degree fhock and difcompofe the Rules of our Art. 

The Second is Oeconomy, (from the Greek Word oixoytuia:) This 
confifts in aéual Practice, and in a perfect and mutual Connexion of 
Members or Parts; requiring the Exercife of the Judgment, and a Know- 
ledge of why, and how it comes to pafs that any particular Thing ought to 
be placed here and not there; why This foauld he in one Pofition, and That 
in another. It likewife confiders Times, Seafons and Expences. And a- 
bove all Things requires us to provide as much as we can towards our Safe- 
ty and the Prefervation of Life; and that, not with regard to ourfelves on- 
ly, but alfo with refpeét to thofe who might incur great Dangers through 
our Mifcondutt and Imprudence. Thefe are the two Pyrotechnical To- 
pics which I propofe to enlarge upon, and entertain you with in the Se- 
quel. 


Of the Thematifm, Decorum, or Gracefulnefs which is to 
be obferved in the Ordering of our Recreative Pyrotechni- 
cal Machines. 


Both Ancients and Moderns have allotted four general Times or Occa- 
fions for exhibiting of Artificial Fire-Works. The Firft: At the Con- 
fecrations, Inaugurations, or Coronations of Popes, Emperors, and Kings; 
at the Receptions of great Princes and Generals ; and at the Elections of 
City Magittrates. 


Secondly : 
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Secondly: Upon any Victory obtained by Land or by Sea; upon, the 
Acquifition ef any Province or City by Conqueft ; upon the Raifing of 
Sieges, and all the happy Events of War. Again, upon the Conclufion 
of a Peace between two mighty States, and upon the Triumphant En- 
tries of Emperors, Kings, and great Captains. 

To this Clafs may be added Feftivals, Anniverfaries, and Canoniza- 
tions of the Bleffed ; for I think it but reafonable that we fhould devote 
Days of Joy and Benediction, in Commemoration of thofe who have 
got the Victory over the World, by their Piety, Sanatity, Continence, 
Chriftian Magnanimity, and all thofe Virtues which render the Soul 
beautiful in the Sight of God. 

Thirdly, Fire-Works may be very properly exhibited at Entertain- 
ments and the Celebration of Marriages. 

And Fourthly ; upon the Merry-makings of Friends. 

As to the Firff of thefe: It will be proper to prepare Fire-Crowns ; to 
reprefent the Armorial Enfigns of Princes, Provinces, Cities, and Peo- 
ple; to ere fome Majeftic Statue or Colofus, with a Number of {mal- 
ler Figures about it, to perfonate the Subjects of the Prince, all dreffed 
after the Fafhion of their Country, and paying their Duty and Homage 
to their Sovereign by all the Poftures of Submiffion. At the Inaugura- 
tions or Elections of Popes you may have recourfe tothe Myftical Dream 
of Fofepb, (as we find it recorded in Holy Writ) wherein he faw Eleven 
Sheaves of Corn, which fubmitted to a Twelfth greater than They, and 
placed in the mridft of them. For Emperors, you may reprefent the an- 
cient Ceremony amongft the Romans, when they created their Empe- 
rors; which Nicephorus Gregoras mentions to this Effea. + Theodo- 
rus upon the Deceafe of bis Father was lifted up upon a Shield and acknow- 
ledged as Emperor ; and Michael Paleologus was admitted to the Empire 
with the fame Ceremony. Julius Capitolinus faith: || During this, Czfar 
Gordanus was lifted up by the Soldiers, and faluted as Emperor. Am- 
mianus Marcellinus alfo in mentioning the Emperor ‘fultan, who was 

-raifed to the Sovereign Dignity by the Gallic Troops; faith: That being 
Jet upon the Shield of a Foot Soldier, and lifted up, he was in the midft of 
the filent Multitude praclaimed Emperor, and honoured with the Diadem. 
We find alfo in Ad of Vienna, that this Cuftom was likewife obferved 
amongft the Gauls at the Creatian of their Kings; for he {peaks to this 
Effect: Sigisbert was put upon a Buckler after the manner of the Coun- 
try, and proclaimed King in Prejudice of bis Brother Chilperic. And 
we find in Aurelius Caffodorus, that this fame Ceremony was in Vogue 
amongift the Goths; for {peaking of-it he faith: { That the ancient Goths, 
their Fathers, bad created their Kings according to the Cuftom of thar An- 
ceftors, by lifting them up upon a Shield in the midft of drawn Swords. 


t Nic. Greg. Hift. Rom. Lib. 111, Page a5. and Lib. IV. 
Il Jul. Capit, in Max. & Balbo | $ Aur. Cal, Lib. X, Var. Epitt, XXXL 
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This Ceremony, I fay, may be properly applied to the Coronations of 
Crowned Heads: Reprefenting the King or Emperor by a Statue made 
up of Artificial Fires, and elevated upon a Shield; which may ferve as 
an Hieroglyphic to denote the Warlike Genius of the Sovereign, and his 
Invincible Prowefs which had raifed him to that fublime Pitch of Glo- 
ry; or at leaft it may ferve to admonifh and excite him to an Ac~ 
quifition of that Heroic Virtue which. is fo neceflary for the Defence 
and Prefervation of his Dominions. Or inftead of this, He may be 
fupported by the Armorials of particular Provinces and Cities, which 
will be the painted Voice, or perfect Reprefentatives of the Will or 
Choice of the People; but in the ordering of this Article, our Pyrobo- 
“iff mutt exert his good Senfe and Judgment, by doing nothing that may 
fhock or give Offence to the Conftitution of the Kingdom. Or you 
might upon the fame Occafion ereé&t a Column, furmounted by an Im- 
perial Crown or Royal Diadem with this Infcription.Currenti, or to the 
Foremoft. This Device alludes to an ancient Cuftom eftablifhed amongft 
the Poles, after the Death of Premiflaus or Lefcus the Firft of that 
Name; for great Feuds arifing amongft the Grandees of the Kingdom 
who contended for the Crown, and none being able to think of any 
Way of deciding their Pretenfions, each of them perfifting obftinately 
in his Claim; the whole Affair was thrown up to the Difpofal of For- 
tune; and to that Purpofe it was ordered that they fhould all appear 
mounted upon Horfes, and ride a Race for the Crown of Poland, which 
fhould be conferred on him who firft reached the Goal.» Now to tell 
you by what Stratagem one of thefe Competitors, called Lefcus, won the 
Prize; or to give you a particular Relation how he got Iron Bars laid 
under the Sand, to throw down the Horfes of his Colleagues of the 
Race, referving only a clear Path for himfelf, which he knew very well; 
I fay, to dwell particularly upon this, is none of my Bufinefs; and thofe 
who would be farther informed upon this Head, may turn over Martin 
Cromer’s Hiftory (Lib. IL.) of the Wars of Poland. ‘To this I thall only 
add, that fuch an Emblem may be applied to fignify the Good Fortune 
of the Perfon raifed to the Scepter or Crown; orto any particular 
Power over the People ; but more efpecially if the King is proclaimed 
by the unanimous Confent and general Voice of the Nation, and as it 
were Elected preferably to a Number of Competitors who ftood Candi- 
dates for the Sovereign Sway. : This the prudent Pyrobol# will know 
how to accommodate or adapt to the State of Affairs. 

Princes likewife may be very feafonably reminded at fuch Times of 
the Viciffitude of all fublunary Things, and the Incertitude of Profpe-~ 
rity, by a Sight of the Wheel of Fortune, which may be made after’ the 
manner of one of the Wheels we have given you above. This Emblem 
was exhibited lately at Copembagen, at the Coronation of Frederic the 
prefent King of Denmark; and I think it very proper on fuch Occa- 
fions ; for (as Pythagoras {aid) Life is no other than a Wheel or Circle sf 

Good 
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Good and Evil. The Wheel then is a proper Emblem of Fortune; by 
which is meant Divine Providence; as we are taught by op, who 
being interrogated by a Perfon, who asked him what Gop did? He 
replied (very much to the Purpofe) He abafes the Lofty, and raifes up 
the Humble. ‘To which we may add the following Words of the Sacred 
Text: He hath put down the Mighty from their Seat; and hath exalted 
the Humble and Meek. Again; remember the celebrated Sentence, which 
fays, That Human Things are a Circle. And that other: The Mutability 
or Viciffitude of Things is very pleafant to Man. 

You have for the fame Occafions another Reprefentation of Fortune, 
ftanding upon a Ball, and fpreading out a Sail {welled by the Wind, and 
with her Hair flying about in Fig. 203. Thereby to fignify to thofe 
Perfons who are raifed to the Honour of Governing, and bearing Rule 
over Nations ; that their Happinefs and Grandeur depend abfolutely 
upon the Divine Will; and that they are changable and unftable like 
the Wind, very doubtful and of fhort Duration ; and to warn great 
Men not to fuffer themfelves to be mif-led by the falfe Appearances of a 
flattering Fortune, but on the contrary, to preferve an Equanimity 
throughout their whole Condué. 

The Figure which we have given you in the Frontifpiece of our 
Work, is a juft Emblem of the Vanity of all Worldly Honours and 
Pomp ; for what is a Man with all his Majefty, his Dignity and Power, 
but a Bubble formed and {welled out by the Breath of a Child, froma 
little Soap and Water ? I fay, he is even lefs to be confidered than fuch 
a Bubble. You may then apply this to the Purpofes above mentioned ; 
and I cannot help thinking, that this Emblem drew its Origin from the 
Dream of Conftantine the Emperor, juft before the Turn or Change of 
his Fortune; wherein he thought, he faw a little Child taking very 
{mall Brittle Balls out of his Father’s Breaft; from whence he drew 
very melancholy Interpretations and Conjectures concerning the Mis- 
fortunes which foon after overwhelmed him. 

When great Captains and Generals take the Field, with a newly-de- 


legated Command over the Armies of the State, the ingenious Pyrobo-_ 


lif may apply to them the Ceremony of the Roman Chiefs of Old up- 
on the like Occafions; which, according to Servius Grammaticus, was 
thus: + As foon as the Commiffion was delivered to them, they en- 
tered into the Temple of Mars, and firft fhaking the { Ancila, and then 
the Lance of the Statue, they cried out, Mars vigiha; Mars, watch. 
As to the public Entries of Triumphant Emperors and Chiefs re- 
turned from War, you may reprefent a thoufand magnificent Fire- 
Works proper to fuch Occafions. But were I to expatiate upon the fe- 
veral Particulars, I fhould fpin this Chapter out to a very immoderate 


7 Ser. Gram. Lib. VIII. An. 
}$ Ancilia, were a Sort of Holy Shields kept in the Temple of Mars. 


Rrre Length : 


337 


338 


Of the Great Art of ARrrttury, Boox V. 


Length: And therefore, though I have a very rich Ficld before me, I 
fhall only gather fome af the moft remarkable and principal Flowers for 
you. 

The Pyrobohift may | then, upon fuch Occafions, reprefent every thing 
neceflary or requifite in a Triumph : Such as Triumphal Arches, Py- 
ramids, Obelisks, Trophies, Statues, Spoils of the Enemy, Colours and 
Standards of the Vanquithed, the Captive Chiefs, with their Hands 


| chained behind their Backs ; together with the Inferior Prifoners -all 


Dirty, DejeCted, Squallid, and as it were half ftarved ;, and alfo the.live- 
ly Reprefentations of the Towns which are taken. 
Again; you may prepare all the feveral Sorts of Crowns, fuch as (were 
formerly) the Golden. Triumpbal Crown, the Civic Crown of Oak, the 
Mural Crown Winged, the Vallarine and the Odjdionai ; and in fhort, 
the Naval or Roftral Crowns compofed of the Beaks and Prows of Ships. 
But that our ingenious Pyrobolift may yot wholly be a Stranger to the 
Pomp and Magnificence of the ancient Roman T riumphs, and that he 
may have proper Hints and Direétions to work by, when Occafion of- 
fers, I have here tranfcribed what. Yohannes Rofinus and Thomas Demp- 
-terus have collected of this Matter from feveral Authors concerning the 
Roman Antiquities. Firft then Rofinus faith: + As to what immediately 
related to the Pomp of the Triumph it was much after this manner, The 
Emperor (according to ¢ Zonaras) being drefed in a Triumphal Habit, 
adorned with Bracelets, cr owned witd. Laurel, and bolding a: Branch of 
the fame in his Right Hand ; he convened the People, and after b having ap- 
plauded his Army in general, and extolled private Merit in partic: iar be 
divided the Money and Spoils; to fome he gave Bracelets, to otbers Spear- 
Staves, _fome were prefented with Golden Crowns, and others with Crowus 
of Silver, on all which were infcribed the Names of the Perfons; and the 
Jfeveral Prefents befowed on them bore an immediate Relation to the gene- 
rous and brave Aétions they bad performed. For be that had fir fealed 
@ Wall, had a Mural Crown given.to him ; if he had Stormed Some. Gaftle, 
bis Crown was futed to the Deed; if be bad got the better ina Sea-Fight, 
‘be bad a Naval Crown; and if be had behaved bravely in an oo 
ment of Horfe, be was diftinguifhed accordingly. But be that had faved 
a Citizen | in Fight or ina ‘Siege, or refcued | him from. any confiderable 
Danger, was rf extolled i in the moft grateful Manner, and was after- 
wards crowned with an Oaken Wreath or Garland, the Honour of which 
was reckoned ‘vaflly to exceed that of all Crowns whether of Gold or of Silver, 
Nor was Virtue rewarded in | particular Perfons only, but whole:Coborts 
and Legions: were honoured with Prefents and Marks of Difiné&tion. Tous 
a great ‘Part of the Spoils was divided ajong ft the Soldiery : There have 
been thofe who have made Prefents to the whole Body of the People, and en- 
zertained them with Games at their. own Charge; and if they had any 


t Rof, Lib. X. Cap, XXX, # Zon, Lib. IL 
thing 
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thing left afterwards, they laid it out in erecting of Porticoes, Temples 
and other Public Works. Having difpatched this Bufinefs, and offered up 
as acrifice, the Triumpker afcended his Car, having thus prayed: 

O ye Gods, by whofe Nod and Command the Romaa 
Empire has its Being and Increafe, continue your favourable 
Proteétion of it, and preferve ir. 

Then be was drawn through the Triumphal Gate; being preceded in the 
Jirft Place by Trumpets blowing Martial. Sounds: After them came the 
Oxen defigned for the Sacrifices, crowned with Wreaths and Garlands, and 
fometimes with gilded Horns: Then followed a magnificent Show of Spoils 
and Arms, which being piled with wonderful Art were partly. drawnsin 
Chariots, and partly carried by Youths richly drefled: Then fucceeded 
the Titles of the Conguered Nations, and the Images of the Towns they 
had taken; and fometimes the Spoils were interfperfed with flrange Ani- 
mals and Plants brought from the Conquered Country, and which bad never 
before been feen at Rome: After thefe followed the Prifoners taken in 
War, the Captains and Chiefs of them being bound in Chains: And after 
them, immediately preceding the Emperor's Chariot or Car,. were carried 
the Crowns of Gold, with which he bad been complimented by Embaffies 
from the Cities and Provinces, as was the ufual Cuflom. Then caime the 
Emperor himfelf in a fumptuous Car, magnificently habited, and fining 
in a Triumphal Robe, crowned with Lawrel, and holding forth a Branch 
of the fame in his Hand. The Triumphal Robe was Purple wrought with 
Gold, of which Pliny Lib. IX. Cap. XXXVI, and Lib. VIL. Cap. XLVIU. 
It was unlawful for any one to wear fuch a Robe as this any longer than the 
Ceremonies of the Triumph lafted, as we find by the Hiftory of Marius, of 
awhom we read thus in Plutarch, (viz.) Tbe Triumph being over Marius con- 
dutted the Senate inté the Capitol, and whether be did it inadvertently, or 
whether he was elated by bis Succefs and good Fortune, be had the Infolence 
to appear in the midft of them with his Triumphal Robe; but. foon perceiv- 
ing that the Senate took Offence at it, he rofe up and laid it afide,. with- 
out making the leaf Difpute about it. Dionyfius Halicarn. /peaking of 
the Embroidered Purple Robe ufually worn by Kings, tells us, that it.was 
unlawful even for Confuls to affume it any more than the Reyal Diadem ; 


Jor (fays he) thofe’Regalia or Enfigns of Royalty, were difallowed. to. the 


Confils ; becaufe they were apt to raife Envy, and were feemingly inconf- 
fient with Liberty : Indeed, upon Account of fignal Services, fuch as the 
obtaining a Victory, the Senate confented that the General fhould be, adorned 
with Gold, and clad in Purple. As for the Crown of Laurel, you. may. 
confult Plin. Lib. XV. Cap. L. Ihe Triumphal Car was in Imitation of 
a round Tower, and drawn moft commonly by Horfes, four in a Yoke or a 
Breaft; but when Camillus in his Triumph affumed White Horfes, be gave 
great Offence to the People, becaufe they were particularly Sacred to. the 
King and Father of the Gods. Some chofe to be drawn by Stags, and others. 
by Lions, Underneath the Emperor they hung the Idol Fafcinus ' CF 
whic 
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which Plin. Lib. XXVIII. Cap. IV. {peaks thus:) The God Fafcinus was 
not only the Proteétor of Infants ut of Emperors aljo; and by hanging um 
der the Car defends it, and protects the Triumpher from Envy, and 
commands Refpect to bis Perfon; or it was applied to admonifh him to look 
back upon himfelf, and confider that be was but a Man, though exalted to 
that bigh Pitch of Honour. Zonoras alfo faith, that a public Officer was 
drawn with him, who ftood behind him holding over him a Crown richly 
adorned with Gems and precious Stones, and continually reminding him to 
look back upon bimfelf, and confider what be was; and take Care of bim- 
Jelf for the Remainder of bis Life, and not be puffed up with Vain-Glory 
and Pride. To the Car they alfo bung a little Bell, and Rods or Scourges, 
by which was fignified, that he might fall under the fame Calamity, and 
might be torn with Rods, and condemned to Death. For he faith, that 
thofe who were condemned to any Capital Punifhment for a notorious 
Crime, ufed to ring a little Bell, left any one by touching them inadver- 
tently foould defile bimfelf, and become a Sharer in their Guilt. Pliny 
farther faith Lib. XXXIII. Cap. VII. Thut it was the Cuftom for the Per- 
fon who Triumphed, to paint his Face with Vermilion, as was done by 
Camillus, but this Cuffom was afterwards laid afide: And to have 
his little Sons in bis Car, an Example of which be gives us in fpeak- 
ing of the Triumph of imilius. He likewife admitted his Kinfmen, if be 
had any, and his young Daughters into bis Chariot. And thofe that were 
full grown, were fet upon the Horfes. Or if there was a confiderable 
Number of them, they were drawn after him by fingle Horfes. Clofe after 
the Emperor's Car followed the Army both Horfe and Foot according to 
their Rank; and as many of them as bad received Prefents from him as the 
Reward of their Bravery and Courage, carried their Gifts in their Hands; 
the reft of them were crowned with Laurel, fhouting with Triumphal Cla- 
mour, or chaunting Poetry upon the Occafion, or breaking Fefts upon one 
another, or the Spectators. The numerous Croud of People which flocked 
from all Parts of the Town and Country to bebold this mighty Procefion 
were all decently habited, and moftly in White, joyfully congratulating each 
other, and applauding their Heroic Countrymen: And in Honour to the 
Gods, all the Temples were filled with Garlands and Crowns, and fet open 
as the Pomp paffed by. In this Order the Emperor being conducted in Sight 
of the Capitol, he at once guided his Car towards it, and at the fame time 
ordered the Captives to be carried to Prifon: Being come into the Capitol, 
be prayed to this Effedt : 

I return thee my moft fincere and hearty Thanks, O 
thou beft and greatelt Fupster, and to thee O Funo his 
Queen, and to the reft of the Deities the Protectors and 
Inhabitants of this Fane, in that it has pleafed you at this 
Day and Hour by my Hands and Adtions to preferve the 
Roman Stare ; Perfevere in your Benevolence towards it as 

you 
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you have hitherto done, cherifh and profper it, I humbly 
befeech you. 


And then they offered up Sacrifices in the moft folemn Manner; and con- 
fecrated Golden Crowns and rich Pieces of Armour to Jupiter, which they 
hung up in the Capitol. And in the fame Place a Feaft was given at the 
Public Expence, and Money diftributed to the common People, Man by 
Man; and what was left, was latd up in the Public Treafury. And a lit- 
tle afterwards: They alfo ereéted Triumphal Columns, Statues, Arches, 
and Trophies, and other’ Monuments, as may be learned from P\in. Lib. 
XXXV. Cap. II. Of Lriumphal Columns and Statues the fame Author 
will inform you Lib. XXXIV. Cap. V. VI. and VII. and Valerius Maximus 
Lib. Il. Cap. V. Georgius Fabricius /peaks thus of the Triumphal Arches 
(in Roma fua Cap. XV.) Arches were formerly ereéted in Honour of thofe 
who had conquered Foreign Nations, or gained great Victories for their 
Country: At firft, they were rude fimple Piles, when the Rewards of Vir- 
tue did not fiir up an unwarrantable Ambition. In fubfequent and more 
imperious Ages they were embellifbed with the Ornaments of Sculpture. 
They were either of Brick, like that of Romulus; or of rough Square Stone, 
like that of Camillus; or.of Marble, like that of Cxfar in the Forum; of 
Drufus with Trophies in the Appian Way; of Trajan, &c. The Arch 
was firft Semi-circular, and afterwards Square as it went downwards, fo 
that there was a vaulted Paffage through it, and on either Side were ad- 
ded leffer Paflages or Pofterns. othe Vault of the middle Arch they bung 
Viétory winged. Above this Vault there were Compartments or Pannels 
richly carved in Relief with Triumphal Reprefentations. This Magnifi- 
cence took Birth in the Reign of Auguttus, or a little before. 

Trophies were Trunks of Bodies, adorned with Military Ornaments and 
Arms, and fometimes with winged Vitories, and a young Captive lying or 
fitting down before them with his Hands tied bebind his Back. 

Sometimes the Triumphing Chief was drawn to the Capitol. by four 
white Horfes, as was done in the Triumph of the Great Scipzo; fome- 
times by Lions, as Marc Antony: Pompey the Great and Caius Cefar by 
Elephants ; Helzogabalus by 'Tygers, in Allufion to Bacchus; and by Lions, 
alluding to Mars; or by great Dogs by an unparalleled and not-to-be- 
imitated Example: Add to thefe the Triumph of Aurelianus Auguftus, 
who to fignify the Cowardlinefs of the Enemy was drawn by Stags; 
that of Nero, who was drawn by Hermophradite Steeds ; and the Info- 
lent Triumph of Sufacus King of Aigypt, who was drawn by Captive 
Kings, as you may read in Fofephus Book VIII. of his Fewi/h Antiqui- 
ties Chap. X. Here you have Matter enough to employ your Genius 
and Art; on one Side, you may imitate the Sacrifices, on the other Side, 
all the magnificent Apparel of a Triumph, (viz.) Triumphal Arches, 
Pyramids, portable Statues, Trophies, Spoils of the Enemy, &c. All 
which you may difpofe in graceful Order. 
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If thefe two Authors I have been now quoting have not faid enough 
to fatisfy your Curiofity; hear what Appianus Alexandrinus faith of the 
Triumph of the great Scipio: Being all crowned with Garlands, and 
preceded by Trumpets, they conducted the Chariots or Waggons laden with 
Spoils; they likewife carried Wooden Towers, Images, and Writings or 
Inferiptions exprefing their fair Actions ; after which came the Gold and 
Silver partly in rude Lumps and Maffes, and partly wrought or coined ; 
thefe were fucceeded by the Crowns which bad been fent by way of Homage 
or Acknowledgment; then White Oxen and Elephants; and after them the 
Numidian and Carthaginian Chzefs that bad been taken in the War, who 
were fucceedéd by the Emperor's Lictors or Heralds richly clad in fine Pur- 
ple; and after them a Croud of Minftrels and Singers after the Tufcan 
Manner, all crowned with Gold, playing and finging in regular Order ; in 
the midft of théfe was a Buffoon adorned with Bracelets, and dreffed in a 
long Gown trimmed with Golden Fringe down to the Ankles, who by bis 
Geftures, Grimaces, and Ribaldry infulted the Prifoners, and excited 
the Laughter of the Spettators. Then came the Emperor bimfelf fur- 
rounded by a Cloud of Incenfe and Odoriferous Perfumes; and drawn 
by White Horfes, having Crowns on their Heads richly fet off with 
Gems and precious Stones, and with Harneffes plated and fiudded with 
Gold ; the Emperor bimfelf fat exalted in a Gilded Car, balited in a Pur-~ 
ple Robe after the Fafbion of the Country, finely embroidered over with 
Golden Stars, holding in one Hand an Ivory Scepter, and in the other a 
Branch of Laurel; and accompanied by bis young Relations, who were 
partly drawn with him in the Chariot, or laid hold on the Reins of bis 
Horfes; the whole Proceffion was clofed up by the Body of the Army crowned 
with Wreaths of Laurel, fome of them bearing Marks of Diftinétion as the 
Reward of their Bravery, and others fligmatized by way of Punifbment 
for their Unworthine/s; for as they knew Low to applaud and diftinguifh the 
Brave, they alfo knew how to brand the Timorous and Unmanly with Infa- 
my: In Allufion to which Fuvenal has this Satirical Fling. 


Illinc cornicines, bine precedentia longi 
Agminis oficia, & niveos ad frena Quirites, 
Defoffa in loculis quos fportula fecit amicos. 


In Exglifb: 


Trumpets Before, and on the Left and Right 

A Cavalcade of Nobies all ia White : 

In their own Natures, falfe and flatt’ring Tribes ; 
But-made his Friends by Places and by Bribes. 


The Triumphal Robe was either embroidered, or powdered over 
with Golden Stars, or elfe ftained or wrought with Palm-leaves ; from 


whence 
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whence it was called Palnated. Lucan {peaking of thefe in Book IX. 
Verf, 177, fings thus: 


wa —— Pittafque togas velamina fummo 
Ter confpetta Fovi. 


Martial alfo mentions it £25. VIII. and Epzg. I. 

Befides what we have here related, the Ancients ufed to carry the 
‘Names of Towns, Mountains, and Rivers in their Triumphs, together 
with folid Figures of Caftles, Cities, and Towers, which were com- 
monly of Mafly Gold or Silver, and fometimes of Iron; but moft com- 
monly of Ivory, as we may learn from Ovid in Lib, de Ponto Eleg. IV. 


Oppida turritis cinguntur eburnea muris. 
In Engh fb: 
The Ivory Towns begirt with Towered Walls. 
And Claudian Lid. WW. de Laudibus Stilich. 


Oftentarent fuos prifco fi more labores, 

Et gentes cuperent vulgo monftrare fubactas, 
Certarent utroque pares a cardine laurus, 
Hac alemannorum fpoliis, auftralibus illa 
Ditior exuviis, illic flavente Sicambri 
Cafarie, nigris bine Mauri crinibus trent : 
Ipfe albis veberetur equis, currumque fecutus 
Laurigerum fefto fremuiffet carmine miles : 
Hit famuii traherent reges, bi facta metallo 
Oppida, vel montes captivaque fumina ferent. 
Hinc Libyci fraétis lugerent cornibus amnes, 
Inde catenato gemeret Germania Rheno. 


In Exghjb: 


Tf ftill the Cuftom was in Pomp to fhow 

The Victor’s Glory, and the conquer’d Foe ; 

The North and South wou’d equally combine, 

To make his Valour and his Conduct fhine. 

Here, fhou’d the Warlike German Spoils be fhown, 

And there, the richer Trophies of a warmer Zone. 

Here, the Sicambri with their Golden Hair, 

There fwarthy Moors with jetty Locks appear. 

He by white Steeds be drawn in Godlike State, 

Whilft laurell’d Troops his Praifes celebrate ; 
Here, 
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Here, vanquith’d Kings be led with doleful Pace, 
There, Towns in Metal wrought, the Triumph grace ; 
The captive Rivers and each captive Hill, 

In Model fhewn, confefs the Artift’s Skill: 

Here, Libyan Streams fhou’d grieve with broken Urn, 
There Germany in her chain’d Rdine fhou’d mourn. 


By this you may perceive that they ufed. to carry the Images or Re- 
prefentations of Rivers laden with Chains, to fignify their Servitude. 
Ovid {peaks of this i in Lib. IV. de Ponto. 


Squallidus imittat fratta fub arundine Crines, &c. 


The ingenious Pyroboht iff may reprefent Rivers and Mountains alfo un- 
der Human Shapes in the moft fuppliant Poftures faluting the Conque- 
ror, and proftrating themfelves at his Feet: The Rivers may be exhi- 
bited as prefenting him with feveral Sorts of Fifh by way of Homage; 
and the Mountains may offer him their feveral Sorts of Ores in little 
Cars; but I need not fuggeft any thing farther to a fertile Invention ; for 
fuch will need my Affiftance no farther than barely giving a few Hints 
of this Nature. 

The Captives who were led in Triumph were chain’d by the Neck, 
the Arms, the Wrifts, and Legs: That it was the Cuftom to chain them 
by the Neck, may be learnt from Ovid's rt of Love, Book I. 


Ibunt ante duces onerati colla catents, 
In Enghfh: 
The Chiefs fhall march before, their Necks opprefs’d with Chains. 


As for the Handcuffs with which they ufed to fecure their Prifoners; 
we are informed, that they ufed to faften the Left Hand of a Soldier to 
the Right Hand of a Prifoner ; that if the former made any Attempt to 
efcape, the latter might have his Right Hand at Liberty to draw and 
ufe his Sword in cafe of need. Statius Lib. XII. Thed. ver. 470, {peaks 
thus: 


Mo Pietas me duxit amor depofcere feva 
Supplicia, &F dextras juvat infertare catenas. 


In Enghfb: 


Thro’ Love and Piety I met my Pain, 
And gladly gave: my Right Hand to the Chain. 


Tertul- 
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Tertullian mentions the Fetters for the Prifoners Legs, in Lib. ad 
Mart. where he fays, That the Leg feels no Pain when the Soul is in 
Heaven. 


And Sid. Apoll. Carm. 2. verf. 179. 
Defpiciens vaftas tenuato in crure Catenas. 
In Engh: 
Defpifing pond’rous Chains which gall’d his meager Leg, 


But what appears to me to be the moft Shameful and Ungenerous of 
all, was their thaving the Captive Chiefs, as a Mark or Token of their 
Captivity; as Propertius obferves in Lid. IV. Eleg. 12. 


Leftor majorum cineres tibi Roma colendes, 
Sub quorum tituls Africa tonfa jacet. 


In Engh: 


Witnefs our Fathers Duft which we reveie, 
T’ whom 4frec yielded up her captive Hair. 


Ovid alfo fays fomething of it in Lid. 1. Amor. Eleg. ths 


Nunc tibi captivos mittet Germania crines, 
Culta triumphate munere gentis eris, 


In Engh/b: 


Now with new Arts, thou fhalt thy Pride amufé, 
And Curls, of German Captives borrow’d, ufe. 


They likewife frequently drew their Warlike Machines in their Tris 
amphal Proceffions ; Witnefs T7#. ‘Liv. Lib. 1X. Decad. Ill. fpeaking of 
the Triumph of Metellus; and in Lib. VI. Decad. IV. defcribing that of 
Fulvius. 

The ranfomed Citizens, Neighbours, Relations, and Kindred, &e. 
followed promifcuoufly after the Triumphal Car with the Townfmen. 
Valerius fays fomething to this Purpofe, Lid. V. Cap. II. (viz.) That 
2000 Captives which had been fold by Hannibal, followed Titus Flaminius, 
&c. Thefe, according to the Teftimony of Tit. Liv. (Lib. 1V. Decad. IV.) 
were all fhaved. 

This is what I have thought proper to collect concerning the ancient 
Roman Triumphs, for the Ufe of our Pyrotechnician. 1 thall now touch 
upon Mars, Bellona, Victory, Nemefis and Pallas; all which may be 
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very properly introduced upon Popular Rejoicings on the Score of War- 
like Atchievments, by adding to, curtailing from, or altering the feve- 
ral Circumftances belonging to them, according as Time, Place, Op- 
portunity and Expence will allow.. 

The Ancients reprefented the God Mars as all Fire and Flame ; fome- 
times drawn in a Triumphal Car, and at other Times advantageoufly 
mounted upon a Warlike Steed; here he bore a Lance in his Hand, and 
there, a Scourge. He was commonly attended by a Cock; thereby. to 
fignify, that Captains and Warriors ought to be perpetually upon their 
Guard, Vigilant in their Conduét, and Diligent in their Enterprizes. 
His Favorites and thofe who fhared the moft in his Efteem, were Ter- 
ror, Fear, Difcord, &c. as we find in Homer, Ihad. XIV. and Virgil's 
fined. VII. 


Triftefque ex AEthere dire 
Et feiffa gaudens vadit difcordsa palla, 
Quam cum fanguineo fequitur Bellona flagella. 


In Engh/b thus : 


The Dire fowfe from Heav’n with quick Defcent, 

And Difcord dy’d in Blood with Garments rent, 

Divides the Prefs: Her Steps Bellona treads, 

And fhakes her Iron Rods above their Heads. Dryden, 


And ineid. XII. 


—— Circumque atre Formidinis ora, 
Traque Infidieque, Dei comitatus aguntur. 


In Enghi/b thus: 


Dire Faces, and deform’d, furround the Car, 
Friends of the God; and Fallowers of the War. 


Statius enlarges his‘Train in Book ITE. of his Ted, ver. 425. 


on comunt Furor, Traque crifas, 

Frena miniftrat quis Pawor aliger, ac vigil omné 
Fama foro, varios rerum fuccindla tumultus, 

Arte volat currum, | 


In Enghih thus : 
Fury and Wrath hig Creft adutt. 


And nimble Fear directs the fiery Steeds 5 - 
Whilft Fame flies on before to {pread abroad his Deeds, 


Wrath, Terror, Treafon, ‘Tumult, and Defpair, 
Dryden, 


Some 
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Some have feigned that Fear drove the Chariot of this Warrior God, 


Claudian in Book i, in Rufin. 


Fer galeam Bellona mibi, nexufque rotarum, 
Tende Pavor, frauet celeres Formidy jagales, 


In Englifo thus : 


My Helmet let BeHona bring ; Terror my Traces fit, 
And pannic Fear, da thou, the rapid Driver fit. 


The fame Author de Laudihus. Stikconis. 


—— currum patris Belbna eruentium, 

Ditibus exuvtis tendentem ad fidera quercum 
Pracedit, lidtorque Metus, eum fratre Pavore ; 
Barbara ferratis, innettunt colla catenis 
Formido ingentem vibrat fuccinha fecurim. 


In Engh/b thus: 


Bellona {wift precedes the cruel Car ; 

Lifting on high an‘Oak confpicuous from afar. 
His Lséfors Fear and Dread with trembling Pace 
Surprize and chain the rude Barbarian Race. 
With haggard Looks, and Robes fuccinet Afright, 
Wields.an huge Pole-ax formidably bright. 


Laden with Spoils, the Plunder of the War, ¢ 


Some Writers tell us that BeHona was the Sifter of Mars, and others, 
that fhe was his Wife; and a third Clafs of them, affure us, that fhe was 
both his Sifter and Wife. She was reprefented with her Hair ditheveled, 
and fpred over her Shoulders, with a Torch in her Hand, as appears by 
Sihus Hakens, Book ¥V. Pun, 


Ipfa facem guatiens, ac flavem fanguine multo 
Sparfa comam, medias acies Bellona pererrat. 


In Engiife chess? 
Her Torch Bellona waving through the Air, 
Sprinkles with-chotted Gore her flaming Hair ; 
And through both Armies up and.down does fly. 


Some reprefented her with a Scythe. in. one Hand, and a Shield in the 
other, Vittory 
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_ Victory was pictured under the Ferm of a winged Virgin; in act of 
fpringing up into the Air; bearing in one of her Hands a Branch of 
Palm, and on her Head a Crown. By the Wings of this charming God- 
defs, the Ancients gave us to underftand, that the Events of War are 
doubtful and ambiguous; or that the Purfuit of the Ambitious, who 
are for pufhing their Fortune to the utmoft Pitch, is not fo properly a 
Race, as a real and reftlefs Flight: Or elfe they gave her Wings, to 
fignify with what a fudden Swiftnefs the roams from Place to Place, 
from one Country to another to win the Ears and Hearts of Men. In 
Temples her Statue was ufually fupported by two others, who lifted ‘and 
bore her up with their Hands. 

Her Robe was either White, or dyed with Purple ; for as this, is-the 
Symbol of Majefty ; that, is the true Emblem of Peace, and Hierogly- 
phic of the Joy the inftils into the Hearts of thofe whom fhe pleafes to 
favour. 

Formerly likewife fhe was reprefented without Wings, and fitting 
upon a Ball. Some feign that by an extraordinary Prodigy the Wings 
of the Statue of Viéfory were burned by Lightning, which gave a Poet 
Occafion to fay : 


Dic mibi Roma, alis cur fat Victoria lapfs 
Urbem ne valet deferuiffe fuam. 


And indeed, I think Rome was in the right to deprive Vicfory of her 
Wings, fince it was a Means to prevent her from going elfewhere. 

You may then make a Statue ftanding ereét, and holding Viéfory in 
its Hands: By which upright Pofture, will be fignified ; That the Con- 
queror was not an heavy indolent Perfon, or one who would fuffer any 
Opportunity to flip by him, when he had a View of Conqueft, or of 
fhatching Palms and Laurels from his Enemies. 

Nemefis was the Goddefs of Vengeance, the Rewardrefs of Virtue, the 
Queen of Caufes, the Soveraign Arbitrefs of Difputes and Difagree- 
ments ; and was held by the ancient Theologians to be the Daughter of 
Fuftice. Her Statue alfo was winged, and trod upon a Wheel ; becaufe 
of the wonderful Swiftnefs of her Action. Sometimes the had a Bridle 
in one Hand, and the Meafure of an Ellin the other. This may be 
very futably applied, when any Prince or great Captain has obtained a 
figna] Victory over Rebellious Subjects, the Violators of Peace,‘ and Di- 
fturbers of the Public Tranquility ; to the end that fugh Evil-difpofed 
Perfons may learn by this Emblem, That God is the fure and juft 
Avenger of Crimes, and- that he leaves no Perfidy unpunifhed ; and be 
warned another Time, how they attempt to exceed the Bounds pre- 
{cribed to them by Eternal Providence, 

Minerva or Pallas is ftiled by + Cicero, the Inventrefs of Wars. 


}. Cic, Lib. V. de Natur. Deor. Cap, SY, 
She 
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She was pictured with a Pomegranate in her Right Hand, and an 
Helmet in her Left, according ta the Teftimony of Celtus: For there 
are two Things which preferve a Republic (namely)'The Union of Hearts 
and Minds, which is figured by the Grains in a Pomegranate : And, Rea- 
dinef$ to defend it upon all Occafions, which is exprefled by the Helmet. 
An Helmet born in the Hand, and not upon the Head, fignifies 5 That 
a brave and generous Prince covers his Country, and not his Head ; that 
is, That he protects his Subjects, and maintains the Public Intereft joint- 
ly with his own, at the Hazard of his Life: And therefore it is, that in 
Phyfic Gardens you fee a Scipio with a World at his Feet, covered by 
his Head-piece. 

As much may be faid of Peace ; a Goddefs to whom the Ancients con- 
fecrated the Olive-Tree: It was from hence that Ovid framed a plea- 
fant Fiction in Book VI. of his Metamorph. Fab. 1. Where he fays, 
“ That a Contention arifing between Minerva and Neptune, about giv- 
“ing a Name to the City of Athens; which put the Affembly of the 
* Gods to a Stand, not knowing on which of the Two to confer the 
* difputed Honor: Neptune, to win them over to his Intereft, ftruck 
*€ the Earth with his Trident, and caufed a Horfe to rife up from it: 
“ Minerva, on the other hand, having the fame View with Neptune, 
“ caufed an Olive-Tree to {pring forth: Thefe fupernatural Produéti- 
“ ons being the Emblems of Peace and War, the Synod of Deities gave 
“ their Voices for Minerva, and fo decided the Controverfy.” By this 
Poetical Story we are given to underftand, That Peace is infinitely more 
defirable than War; and that the Laws of the former are more plea- 
fant and light, than the Yoke of the latter, which renders Life bur- 
thenfome and fad. You may have Recourfe to this Emblematical Fi- 
étion, when any Prince has put an End to Wars, whether Foreign 
or Domeftic, which had harraffed his Country, and opprefied his Sub- 
jects. 

The Dove with an Olive-Branch in her Bill is a true Symbol of 
Peace; and indeed it is what the Soveraign Head of the Roman Church 
(Innocent X.) has chofen for his Armorial Enfign; from whence fome 
Men conjecture that God will be pleafed to re-unite the Chriftian Prin- 
ces, under the Pontificate of this Spiritual Chief, and reftore Peace to 
his People who have for fo many Years paft groaned beneath a Load 
of Mifery ; and who with for no Favour with fo much Ardency, as the 
Bleffings of an univerfal Pacification. 

Now with regard to the Olive, the Romans were wont to reprefent 
Peace with a Branch of it in her Hand; or elfe with Ears of Corn; 
and crowned her with Laurel. Sometimes Painters and Statuaries 
placed a Rofe, and at other times a Caduceus or Wand in her Hand. 

The greateft Attendant, and moft intimate Affociate of Peace, was 
Felicity or Happinefi; who was pictured as a Woman feated upon a 
Royal Throne, holding in her Right Hand a Caduceus, and in her Left 
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a Horn of Plenty +. For it is moft certain, That the true Happinefs 
or Welfare of any State confifts in a perfect Union between the Prince 
and People, and in the Fertility of Soil, which can never be fo well 
cultivated as ih Times of Peace. | 

Theté Statues may particularly ferve by way of Decoration, to Tri- 
umphal Arches, and other Artificial Structures the Engineer may erect, 

Fig. 20s.or they may be placed upon Pedeftals, as you {ee in Fig. 206. 

When any great Admiral thall have obtained a Signal Victory by 
Sea, you may reprefent a Triumphant Neptune upon the Water, drawn 
by Sea-Horfes; crowned with a Naval Diadem; darting a Trident 
with his Left Hand; and in his Right holding a Ship, with her Sails fer 
to the Wind; upon whofe Prow, Honeur may appear, under the Form 
of a Youth; decently clad; crowned with a Wreath of Laurel; and 
bearing a Scepter in his Right-Hand, and a Pike in his Left: Virtue al- 
fo may be feated at the Helm, under the modeft Garb of a Matron; 
tho’ fhe was anciently reprefented by a young Man. Neptune may be 
on all Sides furrounded by a Number of Nymphs, Nereids, and Sea- 
Monfters, blowing in Conchs and other Sea-Shells, and in act of pre- 
fenting Crowns to the Brave who thirft after Glory. In fhort, our En- 
gineer will have a fertile Field before him, when the Celebration of 
fuch Occurrences requires him to bend his Invention this Way. 

We are informed by Hiftory, That Duilius was the Firft of the Ro- 
mans who triumphed for a Sea-Victory. Valerius Maximus tells us ; 
« + That whenever Duthus went to any Entertainment, he had a Torch, 
of fome other Light, carried before him; and that, Supper ended, he 
& returned Home with the fame Equipage, and preceded by Trumpets 
* and Minftrels; by which Noéturnal Ceremony he chofe to exprefs a 
* remarkable Succefs in War.” 

Upon the whole, you muft know that Neptune obtained the Watry 
Empire, for his having been the firft Inventor of Navigation, for his 
having built the firft Ships, and fitted our the firft Fleet, of which (fay 
they) he was appointed Commander in Chief by Saturn. 

But before I clofe up thefe Triumphant Reprefentations, I cannot for- 
bear entertaining you with a Defcription of that artificial and wonder- 
ful Piece of-Machinery exhibited at Paris, upon the Victorious Return 
of His Moft Chriftian Majefty Louis XIII. from the Siege of Rochelle in 
the Yeat 1628; and-which was contrived by Henry Clarmer of Norim- 
berg, one of the moft celebrated Fire-Engrneers of our Age, and whom 
we have taken ‘an Opportunity of mentioning in the foregoing Part of 
this Work. Paul Grodicki, one of the ‘beh Engineers in Poland, fpeaks 
of it to this Effet. “ The Artifthad raifed an ‘Artificial Rock in the 
““ middle of the Sem; ‘whith appeared inacceffible, for the Dangers 
‘© which feemed to furround it; and frightful, becaufe of its Precipices: 


T Plin, Lib. XXXV., + Val. Max, Lib. 1, Cap. Vi 
‘i “« To 
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® To this Rock he chained a Naked Virgin, about whom were feen 
« Nymphs running up and down in a confufed Manner with lighted 
“ Torches in their Hands, and bewailing the rigid Fate of the Captive 
“ Maid. At length, there appeared a dreadful Sea~Monfter, of enor- 
“ nrous Gate, vomiting Fire and Flame in fuch abundance, and in fuch 
various Redundancy, that he wa’ equally the Dread and Admiration 
“ of the Spectators: This prodigious Creature was carried by the 
“ Stream towards the Rock, with feeming Intention to devour the Vi- 
“ im defigned for him ; but at the Inftant he had reached the Rock, 
and was eagerly moving on towards his Prey, a young Heroe appeared 
in the Air, advantageoufly mounted upon a winged Steed ; who cow- 
“ ring down with the Reins upon his Neck, and fowfing direétly 
* upon the Monfter, the Heroe ran him through and through with 
“ his Spear; and from the Wound there rufhed out a prodigious Quan- 
“ tity of Artificial Fires. In fhort, the Rock, the Monfter, the Heroe, 
“ and the Maid, &c. were made up of Artificial Fire-Works, which 
“« plaid inceffantly for feveral Hours. Amongft other Things, he re- 
prefented the Arms and Name of the fubjugated Town in Fiery Cha- 
“ racters; together with the Royal Name of the King, and whole Sen- 
tences of Triumph and Glorious Import; all which were feen {cat- 
tered up and down in the Airy Expanfe.” 

This fine Piece of Machinery was derived from the Story of Andro- 
meda, the Daughter of Cepheus and Cafiope, King and Queen of Aithio- 
pia, who for her Mother’s Pride and Vanity in boafting that fhe fur- 
paifed the Nerezds in Beauty and Comlinefs, was by them taken, and 
bound to a Rock to be devoured by a Sea-Monfter ; but Per/eus happily 
paifing that Way i in his Return to his own Country, delivered her, car- 
ried her away with him, and married her. Propertius mentions this in 
Book il. 


Andromeda monfiris, fuerat dedicata marinis, 
Hac eadem Perfei nobilis uxor erit. 


In Exgli/h to this effect : 


T” a direful Monfter of the Ocean Stream, 
Andromeda expos'd; a helplefs Prey ! 

Perfeus the deftin’d Virgin did redeem ; 
And bore the fuccour’d Maid his future Bride away. 


It mutt be allowed, that the Thought of the-Engincer, throughout 
this whole Piece, was extremely juft and natural, and moft pertinently 
adapted to his Subje@; for the King was reprefented by Perfeus; the 
winged Steed, or Pegafus, gave us to underftand the martial and a@ive 
Genius of that great Prince; Andromeda.was the trug Type of the Ca- 
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tholic. Religion, at that Time opprefied ‘by the Proteffants of Rochelle ; 
the Rock bore allufion to the Town of Rochelle itfelf, and futed very 
well with the Etymology of it. In a word; the Monfter deftroyed, and 
Maid delivered by Perfeus, figured to us, the Reforation of the Catho- 
lic Church, which had been doomed to Deftruction by the Proteftants, 
and the Suppreffion of their Herefy, and their Reduction to Servitude 
and Obedience. 

This Fable may be very naturally applied, when any great Captain 
fhall have compelled an Enemy to raife a Siege, and obliged them to 
quit any Place or Fortrefs, which they had obftinately attacked; and 
reftored Peace to thofe who thought themfelves upon the Brink of 
Ruin. 

The conquered Cities may be reprefented by young Damfels, or ve- 
nerable Matrons (provided the Female Sex agrees with the Name of 
the Place;) who may be placed in fome great Gate-way, as it were 
faluting fome Hero drawing near, and fhewing him, how all the Gates 
are opened to receive him; that the whole Town is devoted to his In- 
tereft, and that he has nothing to do but to take peaceable Poffeffion-of 
it. This (as we are informed) was lately done at the Surrender of Grave- 
linnes, one of the prettieft Maritime Towns in all Flanders, which was 
befieged and taken by the Duke of Orleans. 

But who is he that can give fufficient Inftructions in any Art, to fa- 
tisfie the entire Bulk of his Readers? Do we not fee every Day New 
Additions and Improvements tacked to old Inventions? And what was 
unknown to our Fore-fathers is now fo common amongft us, that one 
is almoft afhamed to dwell Spon it. Inour Days nothing is acceptable 
but what is New, difregarding every. Thing which has been formerly 
feen or performed. And therefore I fhall have done with the Subje& 
we have been here handling, ‘and fhall leave what elfe might be faid of 
it, and whatever can be drawn from what I have here inferted, to the 
Fancy and Difcretion of the Perfons whoare led by their Genius or Pro- 
feffion to cultivate our Art. Proceed we now to the Vigils or Fe/ti- 
vals; and let us take in Hand the Fire-works which may be properly 
applied to the Celebration of thofe Solemn Occafions. 

But I muft here obferve, that I believe our Recreative Fire-works and 
Bonfires derive their Origin from a certain Ceremony amongft the 
Ancient Romans, upon thofe Feftivals which they held in Honour of 
their Falfe Gods. I fhall therefore here produce the Teftimony of 
feveral Authors, for your Information in thefe Ancient Rites, and to 
illuftrate the Pomp of their Artificial Fires; but before I enter upon 
this, I muft premife a few Words. 

The moft famous of all the Games in vogue amongft the Ancients, 
were thofe which they called Secular: If you would know the Origin 
of them, you, may confult Valerius Maximus Lib. Tl. Cap. 4. and other 
Authors. They were called Secular Games; becaufe they were cele- 
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brated once every Hundred Years, which they commonly computed to 
be a Seculum or Age. Valerius Publicola, who was the firft Conful after 
the Abolition of the Kingly Government, was alfo the firft that infticu- 
ted and celebrated them. But the laft that held them was Septimius Se- 
verus with his four Sons, all of them exalted to the Confular Dignity ; 
for Zofimus affures us, they were never revived afterwards; becaufe the 
End of the fucceeding Age was ruled by Con/ftantine Chriftianus and Li- 
cinius. But Orohus Lib. VI. Exutropius Lib, YX. Zonoras Lib. WV. and 
Eufebius Lib. VI. affirm that the two Philips (the Father and Son, who 
are thought to have been the two firft Chriftian Emperors) held them at 
Rome with a great Concourfe of ews above a thoufand Years after 
the Foundation of the City. Pope Boniface was the Firft who in Imi- 
tation of the old Romans, inftituted the Chriftian Secular Year, (which 
we now call the Great ubilee :) This he did in the Year 1300, under 
the Reign of the Emperor Albert. (See Fohn Vail. Lib. VI.) After 
him Pope Clement the VI, at the earneft Sollicitation of the Romans, 
ordered the Myfterious Ceremonies of the Fudilee to return every Fif- 
tieth Year, and accordingly began with the Celebration of it at chat 
Term inthe Year 1350, under the Reign of the Emperor Charles the 
IV. In fhort, Pope Xy/tus the II infticuted the Obfervance of it eve- 
ry 25 Years; which he confirmed by his own Example in the Year 
1476, under the Reign of Frederic the III. To conclude, the Roman 
Catholics celebrate it this prefent prefent Year 1650 under the Pontifi- 
cate of Innocent the X, at this Day the Head of the Roman Church, 
and under the Reign of the Emperor Ferdinand the III. Thofe who 
would know the Ceremonies ufually pra¢tifed in the Solemnization of 
this Myfterious Feftival, may confult our famous Annalift Paulus 
Piafecius Bifhop of Premiflaw, who was at Rome in the Pontificate of 
Urban the VIII, where he carefully obferved whatever he faw worthy 
of Notice; but if you would have the frefheft Accounts relating to this 
Matter, you may be informed by thofe who return this Year from 
Rome; for the Ceremoninal varies confiderably every Time. But let 
us now return to the Secular Games obferved by the Ancient Ro- 
mans; from whence to gather fome Hints relating to the Decoration 
of our Artificial Fire-works. Firft then Rofinus {peaks thus. -+ The 
Time for celebrating the Games drawing near, Meffengers were difpatch- 
ed to all Parts of Ytaly to convene the People, and invite them to be 
prefent at thofe Games, which had never been feen before, and perhaps 
never would be feen again. Being then affembled, and the Feftival near 
at Hand; fifteen grave Perfons were prefented to the Public, whofe buf- 
nefs it was to offer up Sacrifices in the Capitol and the Palatine Temple; 
and who being feated upon an Eminence, diftributed the Offerings to the 
People; which were no other than Torches of Pine-Tree, Sulphur, and 


$ Rof. Lib, v. Cap. xx1, 
X xxx Bitu- 
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Bitumen ; but Servants and Slaves were excluded from thefe Prefents, 
and it was unlawful for them to accept of any.  Befides the Places al- 
ready mentioned; the People afembled in the Temple of Diana upon the 
Aventine Hill, where it was the Cuftom to give them Wheat, Beans, and 
Barley. Then they began to watch as ufual in the Sacrifices and Rites of 
Ceres. The Day being come, they repaired to the Banks of the Tiber, 
where they remained three Days, and three Nights, wholly intent upon the 
Sacred Ceremonies. After thefe Preparations they offered ub Sacrifices to 
Jupiter, Juno, Apollo, Latona, Diana, the Fates, Ceres, Pluto, and 
Proferpine &c. To this purpofe the Prince upon the Second Hour of the 
Firft Night caufed three Altars to be eretted, upon which he offered up 
as many Lambs, and with him the Fifteen Venerable Men, and having 
fprinkled the Altars with Blood, they burned the Vittims together. This 
done; they raifed a kind of Theatre, and lighted up a great Number of 
Fires, Torches, and Lamps; and fang Hymns adapted to the Solemnity, 
and began to celebrate their Spectacles in good Earneft; diftributing 
Wheat, Beans, and Barley, to thofe who atied the Principal Parts; as 
had before been done to the whole Multitude in general. On the Morrow 
they repaired to the Capitol, there to perform the ufual Sacrifices; and 
then affembled in the Theatre, to fee the Games in Honour of Apollo and 
Diana. Upon the following Day the Noble Matrons went up to the Capi- 
tol, there (at the Hour appointed by the Oracle) to pray, to freguent the 
Banquets, and to fing Hymns according to Cuftom. In fhort; upon the 
Third Day they convened in the Temple of Apollo, on the Palatine Hill, 
where Twenty-feven Boys in ceremonial Habits, and:as many young Girls 
having both Father and Mother living, declaimed in Greek and Latin, 
and fang Pzans tothe Immortal Gods, recommending to them the Safe- 
guard and Protection of their Empire and People. 

As for the Decennia, which were Games inftituted by the Emperot 
Gallienus to be kept every Ten Years; Trebellius Pallio {peaks of them 
to this Purpofe. After a pretty confiderable Slaughter of Soldiers near 
Byzantium; Gallienus, as if he had done fome mighty Feat, returned 
with the utmoft Precipitation ta Rome, and having convened the Senators‘ 
be celebrated the Decennia with new Sorts. of Games, with a new kind of 
Pomp, and with the moft exquifite Voluptuoujnef. He firft went to the 
Capitol, attended by all the Senators, Knights, and Soldiery, in white 
Habits, thefe were preceded by an innumerable Multitude of Men, Women, 
Servants, and Slaves, with Wax Flambeaus, and lighted Lamps: Oz 
each. Hand were led in fine Order, an Hundred White Oxen with gilded 
Horns,and adorned with rich Silk Houfings and Trappings of vartous Colours. 
Oneither Wing alfo 200 white Lambs and 10 Elephants (which were then in 
Rome) and.1209 Gladiators magnificently habited under the Difguife of 
Matrons, all frining with Gold, together. with 200 Beajfts of Prey of fe- 
veral Sorts, finely adorned; Waggons full of Mimics and all kinds of 
Alors; Boxers, fighting foam Battles; Fellows counterfeiting the Cy- 
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clops: In fhort, it was wonderful to fee them, and nothi bing was to be Leard up- 
on the Way but Shouts and Clamour. The Emperor, in the midf cf all this, 
appeared with the embroidered Robe, and palmated Tunic, attended (as we 
have faid) by the Senators, Priefts, Sacrificers, 8c. in their ceremonial 
Habits. With this Equipage he moved on towards the Capitol, having on 
each Hand 500 gilded.Spears or Halberds for his Body Guard; together 
with 100 Enfigns, and the Banners, Gonfalens, and Streamers, of. the 
Colleges, Halls, Temples, and thofe of all the Legions. To thefe succeeded 
a vaft Croud of People, difgutfed ike Goths, Sarmate and Perfians, who 
marched at leaft 200 in a Troop. 

Thefe it muft be owned were mighty fine Diverfions, and highly de- 
ferving the Attention of fuch great Men: But let them go on after 
their own Fancy without Contradiction ; and let us leave it to the Py- 
robolift, to pick and choofe what can an{wer to his purpofe from thefe 
Whims; -whilft we take another Subject in Hand. 

As for the Feafts or Revels of Bacchus, which were commonly pra- 
étifed in the Night-time, we find great Variety of them amongft Au- 
thors; but particularly in -+ St. Auguftin, who tells us in his City of 
God, That not only the Romans (who held thefe mad Frolics in great 
Veneration) but that alfo the Grecians obferved them with the moft hor- 
rid Excefles and Infolencies imaginable ; running up and down the 
Streets and public Places of the City, like Madmen, bearing Torches 
and Pitchers of Wine which they drank of without Meafure; but for 
the other infamous Cuftoms committed at that Time, I will not fully 
my Page with any Rehearfal of them. However, in procefs of Time 
the Romans grew weary of them, abolifhed them, and banifhed them 
from their Republic, and enaéted fevere Laws againft them, and or- 
dained heavy Punifhments to be inflicted upon thofe, who fhould ever 
attempt to revive them in any Part of their Empire. Alexander of A- 
lexandria tells us fomething of the fame Nature, with Relation to the 
Games called Floralia ; or which were celebrated in Honour of Flora. 

Diana had alfo her Feaft-Days, which commonly fell out upon the 
Ides of Auguft: The Days dedicated to her, were obferved with Torch- 
es, Flambeaus and other Lights; as we find in Propertius, Book II. 
Eleg. 32. 


—— fed tibi me credere turba vetat, 
Cum videt accenfis devotam currere tedis 
In nemus, & Trivia lumina ferre Dee. 


Ovid alfo de Faft. 


Spe potens voct frontem redimita coronis 
Femina lucentes portat ab urbe faces. 


+ St. Auguft, de Civit, Dei, Lib. X, Cap, MUIK 
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In Englifh thus: 


Oft-times with Temples crown’d, and clam’rous Cry, 
The Woman bears the flaming Torch on High 
From out the City Gates. 


The Ancients alfo did fet Days apart in Honour of Ceres, whofe Fe- 
ftival was folemnized with burning Torches; becaufe fhe firft under- 
took the Search of her Daughter Proferpine, who had been carried off 
by Pluto the King of Hell. Ladéfan. Firm. {peaks of it to this Effect : 
+ The Feaft of Ceres was celebrated with burning Torches; becaufe fhe 
is faid to have lighted Torches on the Top of Mount Etna, when fhe went 
in queft of ber Daughter, who had been ravifbed by the gloomy God of 
the Infernal Regions. 'Thofe who acted a Part in this Feftival, ran a- 
bout like mad People with Creffet-Lights of Sulphur and Dirt, as may 
be gathered from Fuvenal Sat. Il. and Verf. g1. 


Talia, fecreta coluerunt Orgia taeda 
Cecropian foliti Bapta laffare Cotytte. 


Lucius Ann. Senec. alfo: 


Tibi votivam matres Graj@ 
Lampada jattant. | 


In Engh/b: 
To thee the Grecian Matrons throw the votive Lamp. 


Thofe who would be particularly informed upon this Subject, may 
confult Statius, Book VII. of his Theb. Verf. 412, and the fame Author 
Book XXIV. Verf. 132. Claudian, Books WI. and II. Mart. Book Il. de Nupt. 
Ovid's Epiftle IV. from Phillis to Demophoon, &c. 

To thefe three Feftivals the Athenians added Lamps, which they 
vowed to Panathenea, Vulcan and Prometheus. They held Vulcan to 
have been the firft Inventor of Fire, and to have taught it the Firft to 
Men, as we are told by [fer in Susdas by the Word acprad@.. 

They not only ufed Torches and Flambeaus upon their Feftivals ; but 
alfo at the Initiations of all their Priefts and Sacrificers ; witnefs Hefiod 
Lib, 1X. and Fuvenal Sat. XV. | 


—— quis enim bonus aut face dignus; 
Arcana qualem Cereris vult effe facerdos. 


t Sa&, Fism. Lib, 1, Cap. XX1, 
And 
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And Statius Book Il. of his Thebais; towards the End of it. 


Tugque Ati@a Ceres curfu cut femper anbele, 
Votivam jaciti quaffamus lampada myfta. 


I will not here dwell upon the Feftivals and Days dedicated to Sa- 
turn, which were alfo celebrated with Lights, as we are told by Macro- 
bius +: But to all thefe we might add the Sacred Fires made of Straw, 
and lighted up by the Savages or Barbarians, over which they jumped 
three Times: Ovid fings thus with regard to this Matter. 


Tum licet appofita veluti cratere camella, 
Lac niveum potes purpureamque fapam 
Moxque per ardentes flipule crepitantis acervos 
Trajicias celeri firenua membra pede. 


This Cuftom has defcended even down to our Days; for throughout 
all Poland, Lithuania and Ruffa, and in all their circumadjacent Pro- 
vinces, this Cuftom is religioufly obferved ; and even in France, the Po- 
pulace both Men and Women, Young and Old, aflemble together upon 
the Eve of the Nativity of St. Yobm the Baptift, and after having light- 
ed up Fires in all the*Crofs-Roads, they dance about them, and. jump 
over them in Token of Joy. { The great Olaus aflures us, that the 
fame Cuftom was obferved in his Time in Sweden. 

But we have faid enough of the Fires wherewith the Ancients ufed 
to celebrate their Vigils and Feftivals. I might indeed enlarge confi- 
derably farther upon this Head, in Confideration, that we infinitly fur- 
pafs the Ancients, not only in Artificial Inventions, but alfo in Piety 
and Religion; however, left you fhould think I rather defign here to 
write a Book than a Chapter, I fhall take the fhorteft Way of handling 
it, by faying nothing farther of it. Upon the whole, I deem it high 
time to touch upon the Artificial Fire-Works which are ufually pra- 
tifed at the Celebration of Nuptials, at Feafts, and public Affemblies, 
and Merry-makings of Friends, which are in the greateft Requeft at pre- 
fent: For to fay the real Truth of the Matter, the People of our Age 
are fo Clofe-hearted, and fo Backward in paying the Veneration due to 
the great Author of all our Good, that we can hardly perfuade our- 
felves to be at any Expence in the Celebration of Holydays arid Sed- 
fons fet apart for his Worfhip, in the Commemoration of his Saints; 
(God forbid it fhould ever be mixed with Superftition, feigned Devotion, 
or Pharifaic Vanity ;) but on the other hand, we are fo liberal in our 
Feafts, fo profufe in our Superfluities, and fo prodigal in all our De- 
baucheries, that nothing is too Good, nothing too Dear, for us to be- 


t Macr. Sar, Cap, VIL ¢ Ol. Lib. XV. Cap. IV. Hift, Gen, Sep 
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ftow on the Gratification of our unruly Appetites. But if you are de- 
firous of being furnifhed with Hints towards the Preparation of Fire- 
Works for the Celebration of Sacred Seafons and Occafions, you may 
confult the Holy Writers, in whom you will find an inexhauftible Fund 
of Myftical Treafures: And therefore, if you fhould ever have an Op- 
portunity of exhibiting Sacred Fire-Works, you may have recourfe to 
the Infpired Text, or confult thofe who alone have the Power of inter~ 
preting it, and of explaining the Myfterious Secrets, which the Divine 
Majefty has been pleafed to couch under ic. For my part, I thall pur- 
fue my Intention of treating on Human Vanities, by inftructing you in 
the Conftruétion of fuch Fire-Works, as are ufually applied to Weddings, 
and the Caroufals of Friends, &c. 

We have the Teftimony of many confiderable Authors to inform us, 
That it was cuftomary with the Greeks and Romans to folemnize their 
Marriages, and public Entertainments with Fires. We find their Poe- 
tical Works almoft every-where inter{perfed with thefe Terms, (vz.) 
Tada or Faces ‘fugales, Faces Legitine, Tada Geniales & Fefla; that 
is, Nuptial Torches, Legitimate Torches, &c. Claudian fings thus, 
Book il. in Ruffin. 


—— diledta hic pignora certe 
Hic domus, boc proprium tadts geniahibus often. 


The fame Author again, 
Cum tibi prodiderit feftas nox pronuba tadas, 
And in an Eprthalamium of Honorius and Maria. 
nae Hymencee faces ut Gratia flares 


Seneca the Tragicomeedian. 


Et tu qui facibus legitimis ades 
Noétem difcutiens aufpice dextrd, 


Ovid alfo Faffor. II. and elfewhere. 


Conde tuas Hymenaee faces, & ab igmbus atris 
Aufer, babent akas mafia fepulchra faces. 


In Engle: 
Go Hymen, ftop the long-expecting Dames, 


And hide thy Torches from the difmal Flames, 
Thy 
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Thy Prefence would be fatal while we mourn ; 
And at fad Tombs muft other Tapers burn. 


Now in order to acquaint you, what the ancient Poets underftood 
by thefe Fires and Torches; we will give you the Expofition af -- Fe- 
fius concerning it, (véz.) Torches were carried before the Nuptial Pair 
in Honour of Ceres, and the Bride was wafbed with Water, that fhe might 
appear the more pure and chafte to the Bridegroam; or they thereby figni- 
fred, that fhe was obliged to go through Fire and Water (as we have ir in 
Englifh) with her Husband. 

Laétantius Firm. gives us other Reafons for it, (viz.) $ Thefe two 
admirable Principles (meaning Fite and Water) have two Diametrically- 
different Properties and Effects, (viz.) Heat and Moifture, by means of 
which God produces and Supports all created Beings. And a little lower: 
One of thefe Elements is as it were the Male, and the other, the Female; 
the one is Active, and the other Paflive: And therefore it was that the 
Ancients introduced the Ufe (or Sacraments as the Original has it) of Fire 
and Water to ratifie and confirm Marriages; and the rather, becaufe eve- 
ry Thing that has Life is compounded of Heat and Moifture; and thus as 
every Animal is made up of a Spirit and a Body, the Body conffts in Hu- 
midity, and the Spirit or Soul iz Heat. 

The Wood of the Pine was the moft frequently ufed for thefe Torches, 
witnefs Ovid Book I. Faftor. 


Exoptat puros pinea teda Deas, 
In Englifh thus : 
H’ implores the Sacted Gods with Torches of the Pine. 


Plutarch tells us they were ordinarily carried by five Youths amongft 
the Romans; but with the Greeks, the Bride’s Mother bore them her- 
felf, as we are told by Dempfterus: But I fhall dwell no longer upon 
this, and fhall haften to the Pyrotechnic Works, which may be properly 
applied to the Solemnization of Nuptials. 

I need not tell you that Marriages are Seafons entirely devoted to Joy 
by the Friends of the contracted Parties, and celebrated by their Rela- 
tions and Parents, &c. with certain mutual Liberties, and a thoufand 
innocent Paftimes, Games, and Diverfions, which are fo peculiarly 
adapted to fuch Occafians, that it would be highly improper to practife 
them at any other Time. And therefore fince all decent Liberties are 
allowed in this Cafe, the Pyrodali# will have a notable Foundation to 
build upon. But on if he would follow the moft general Rules that 


¢ Feft. Lib. VI, = Lie Firg. Le, IL Cap. Xx. 
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have hitherto been laid down with regard to this Matter: He muft 
give the firft Place to Statues and Antics curioufly- wrought, with 
which he may adorn Fabrics, fuch as imitative Palaces, Triumphal 
Arches, Caftles and Fountains, &c. .Amongft other Decorations, he 
may reprefent a Funo, a Venus, a Diana, a Cupid, and all thofe lovely 
Deities, as well Male as Female, whom the blind Heathens held to pre- 
fide over Marriages, &c. and whofe .Effigies you will find, or at leaft 
Defcriptions of them, in the poetical Works of both Ancients and Mo- 
derns. Now that I may lend a helping Hand to thofe who have not 
the Convenience or Opportunity of reading fuch Books ( which are not 
always to be had eafily) and that our Pyrotechnical Novice may not be 
at a Lofs, or be put to the trouble of unraveling the Intricacies of thefe 
poetical Fictions ; I fhall here undertake to lay before him whatever re- 
lates to this Matter in the cleareft Light, and to illuftrate it to him in 
the moft lively and familiar Manner. 

‘Funo, the Sifter and Wife of ‘fove, amongft many other Appellations 
and Attributes beftowed on her, by her Votaries was called Lucina; be- 
caufe they imagined, fhe opened the Eyes of Infants, and adminiftred 
Light to them as foon as born; from whence alfo fhe was called Lucelia. 
Or elfe the was called Funo Lucina, 2 Fuvando & Luce, (that is) from 
giving or helping to Light ; wherefore ic was, that Women called out 
upon her in the Pangs of their Labour. She was alfo ftyled Yuno Fu- 
galis; either, becaufe the wedded Couple were under one and the fame 
Yoke, from whence the Latins called the Husband and Wife Conjuges 
or Yoke-Fellows; or becaufe of the Yoke which was ufed at the Cere- 
mony of their Nuptials. 

Rofinus + defcribes her Statue thus: She was reprefented by a Woman 
Jfeated upon aThrone ; holding a Scepter in her Right-Hand, and having a 
Diadem upon her Head, which was veiled in the Clouds; fhe was encom- 
paffed all round by Iris or the Rainbow, which was called Juno’s Meffenger 
wherefore it was, that they figured the Iris, as a Maid-fervant, ready to 
execute the Commands of her Miftrefs. She had Peacocks at her Feet, 
on each Side of her, which were particularly called the Birds of Juno. — 

Diana, the Sifter of Apollo and Daughter of ‘fove, was alfo called 
Luna and Lucina by the Ancients, who honoured her with many fine 
Attributes. They, amongft other Things, held her to prefide over 
Births, and the Chafe. The Women, as foon as delivered, facrificed 
to her, and made Veftments for her. ‘The Hunters celebrated her Fe- 
ftival in Auguff, after a moft pompous Manner with Flambeaus, and 
Torches, adorned with Ears of Corn, as we find in Gratius’s Cynegetica. 


Spicatafque faces, facrum ad nemorale Diane 
Siflimus, & foltto catuli velantur honore, 


+ Rofin, Lib, I. Cap. VI. 
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Ipfaque per flores medio in difcrimine lucis 
Stravere arma facris, 


She was reprefented under the Form and Meen of a Woman, with 
her Hair loofe upon her Shoulders; armed with Bow and Arrow, and 
with her Forehead furmounted by a Crefcent. Sometimes fhe was 
pictured in a Hunting Habit, in full Chafe after a Stag. 

Cleobulus tells us, That fhe having one Day defired her Mother to 
weave her a Gown; her Mother (knowing her natural Imperfections) 
replied ; How is it poffible for me to make a Garment to fit you, fince 
your Form is fo prodigioufly given to Change ?- This may be very juftly 
applyed to Whimfical and Capricious Men, who are as unftable and 
various as the Moon; for in truth, they know neither ‘Rule nor Mea- 
fure, 

Venus always fhared greatly in the Veneration and Efteem of the 
Ancients, as the was the Goddefs of Pleafure, Delight, and Generati- 
on. The Poets would make us believe, fhe was begot by a Spark or 
Seed of Fire which fell from Heaven into the Sea, and animated fome 
of the Froth of that Liquid Expanfe; thereby figuring (as Varro tells 
us) the great Power of Fire and Water when duly tempered together 
and united. 

She was fometimes pictured as a young and tender Virgin, rifing aut 
of the Sea upon a Scollop-fhell. At other Times fhe appeared asa 
perfeét, mature Woman, holding a Conch-fhell in her Hand, and having 
her Temples crowned with a Garland of Rofes and other Flowers. The 
Graces attended behind her, and Cupid and Anteros were on each fide 
of her. Here you faw her exalted in a Triumphal Car, drawn by 
Doves, in allufion to their Chaftity; and there, by Swans to fignifie 
that Love is contracted by Blandifhment, Candor, and Sincerity; or 
that the Votaries of that Divinity are always outwardly Neat, Polite, 
and Genteel, but that they are like Swans, Black within; or elfe, That 
forgetting they muft die they fing like thofe Birds when on the very 
brink of Eternity. 

Again; fhe was naked; to fhew that an unbridled Voluptuoufnefs 
divefts us of our beft Drefs, and fends us away Empty-handed. 

Dhidias of Elis, that excellent Statuary, carved Venus with a Tor- 
toife under her Feet (as we are told by Plutarch in Pracept. Connub.) to 
2dmonifh Women by the Sloth of that Animal, to confine themfelves 
<o their Houfes; and by the Silence of it, to learn Tacicurnity. 

The Lot which fell upon Venus at Play was formerly reckoned the 
moft Lucky that could have happened (viz.) to have the Dies fall all 
upon one Side. This Statue then may be very proper in the public 
Congratulation of any Prince, who has enlarged his Dominions by a 
Happy Marriage, or by an Advantageous Alliance; not by the Affift- 
ance or Interpofition of Mars, but of Venus. 

ZZzs Cupid 
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Cupid was the God of Love, of Luxury, and all forts of Lafcivi- 
oufnefs. Servius defcribes his Statue thus, according to Rofnus. “ He 
“ was reprefented as a Child; becaufe he is no other than an intempe- 
* rate Defire of Things unclean and immodeft; and, becaufe Lovers 
* do nothing but fool away their Time like Children. 

They gave him Wings; becaufe there is nothing lighter than the Mind 
of a Lover, nothing more uncertain than his Vows; nor any thing 
more changeable than his Refolutions. ‘They gave him feathered Darts 
in his Hand, to fignifie That the Sting of Repentance and Remorfe of 
Confcience follow clofe at the Heels of the Pleafures of Love; Or elfe 
to fhew the Doubtfulnefs of its Events, the Suddennefs of its Courfe, 
and Shortnefs of its Duration. This obliged Boétius to fing thus, in 
his Confolation of Philofophy, 


Omnis habet hac Voluptas, 
Stimults agit fruentes, 
Apiumque par volantum, 
Ubi grata mella fudtt, 
Fugit & nimis tenact 
Figit ica corda morfu. 


In Englhifb to this Effect. 


Love, whofe Empire knows no Bounds, 
Pleafes firft, and then he wounds: 

Like the Bee, this Infant-King, 

Has both Honey and a Sting. 


Philoftratus has ravifhingly well expreffed the Power of this amorous 
Paffion. Plutarch calls him a Diéfator, which was once the moft 
Eminent Office in the Roman State; and others call him a Soft Ty- 
rant. 

He was formerly mounted upon a Lion, to fignifie thar he tamed all 
Things. 

Philippus feigned, That he had torn the Thunderbolts out of the 
Hands of Fupiter, that he had ftripped Apollo; taken Mercury's Wings 
and Caduceus from him; difarmed Hercules of hits Club, Mars of his 
Sword, Bacchus of his Thyrfus, and Neptune of his Trident; meaning 
thereby, That none is able to withftand the powerful Impreffions of 
Love. In truth, all thefe beautiful Fictions may be very naturally and 
gracefully introduced, in your Pyrobolic Edifices, if you have Judg- 
ment fufficient to guide you im the proper Application of them to 
Times, Places, and Perfons; but more particularly, upon the Mar- 
riage of fome Brave and Generous Warrior, who till then thirfted af- 
ter nothing but the Glorious Fruits of War; but is at length fmitten 


by 
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by fome lovely Beauty, and difarmed by the Hands of an agreeable Wo- 
man, who fhall entlave him under the Influence of Sacred and Legiti- 
mate Marriage. To thefe may be added the fabulous Story of Hercules, 
which tells us, he was fo paffionately fond of the charming Queen Om- 
phale, that forgetting himfelf to be the mighty Hercules, he changed 
his Lion’s Skin for the Effeminate Drefs of a Woman; and employed 
himfelf in fuch Works as can only become the Fair-Sex; fuffered his 
Miftrefs to put on his Martial Habit and Accoutrements ; and what was 
farther extraordinary, was fo complaifant as to take Blows from her. 

Love was alfo painted as.a Child, Bareheaded, and clad in a green 
Mantle, upon the Hems of which were feen thefe Words, Mors & Vita, 
or Death and Life, which are the ufual Boundaries of this Paffion, 
which for the generality runs. into Extremes. Upon his Forehead he 
had this Device Aifas & Hyems, or Summer and Winter, fignifying that 
Friendfhip and Love ought to be always the fame, and equal in Adver- 
fity as well as in Profperity. His Side was laid open over-againft his 
Heart, where his Motto was expreffled, Longe & Prope, or Far and 
Near; meaning thereby, that the Diftance of Place from the Object be- 
loved, is unable to difunite the Hearts of true Lovers. 

The Graces, which the Greeks called Charites, tho’ they had no im- 
mediate Power at Weddings; yet as they were the conftant Companions 
of the Goddefs Venus, I fhall fay two or three Words coneerning them. 
They were reprefented by three beautiful young Wotnen, holding each 
other by the Hand in fuch a Manner, that you faw only the back Part 
of the Firft, a Profil of the Second, and the Third turned her full 
Face towards you. Seneca explains this various Pofition of the Graces 
after a very Rational Manner in his Book of Benefits, Why (fays he) are 
the three Graces faid to be three Sifters, and why are they Hand in 
Hand ? Some will have it, That the Firft is fhe who confers Benefits; 
the Second, the who receives them ; and the Third, fhe who returns 
them; for it is certain that one good Action begets another; one Fa- 
vour, draws Thanks after it, anda grateful Return of another Favour; 
and thus between Beneficence and Gratitude, you have a perpetual Cir- 
cle of good Offices and Favours, reciprocally beftuwed and returned, 
They have always gay fmiling Countenances, to teach us, That he 
who either gives or merits a Benefit, ought to be always in good Hu- 
mour, and diftinguifhed by a ferene Afpect, and particularly the Perfon 
who receives the Favour; becaufe it is he alone that reaps the agreeable 
Fruit of Gratitude and Acknowledgment. They were young ; becaufe 
the Remembrance of good Offices ought never to wax old, or decay ; 
and becaufe chey are always entire, difinterefted, free from the fordid 
Views of Gain, or Expectation of a Return. They were pictured nak- 
ed, to thew their Liberality and Sincerity ; and were fometimes dreffed 
in fhining or tranfparent Robes, to remind us, That Favours and Bene- 
fits can never be concealed ; butcome te light fooner or later, to the great 
Honour of the Benefactor. Amongft 
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Amongft thefe Divinities you may likewife allow a Place to Bacchus, 
who alone of all the Gods was admitted into Feafts and Weddings, 
where he moft commonly prefided, as may be gathered from thefe Ver- 
fes in Virgil Ain, I. but we hall {peak more at large of him in his proper 
Rank. 


Hunce letum Tyriifque diem Trojaque profectis 
Effe velis, noftrofque hujus meminiffe minores, 
Adft letitiea Bacchus dator, & bona ‘funo. 


In Englhifh: 


So may the Trojan and the Tyrian Line, 

In lafting Concord from this Day combine; 

Thou, Bacchus, God of Joys and Friendly Cheer, 

And gracious Funo, both be prefent here. Dryden, 


Here I might introduce Priapus and Flora as Deities, which former- 
ly affifted at Nuptials amongft the Ancients ; did not common Decency 
reftrain my Pen, and prevent me from putting my Reader to the Un- 
eafinefs of a Blufh. And therefore, thofe who would know any Thing 
particularly relating to them, may confult others, who will inform them 
in what Pofture and Fafhion the Ancients reprefented them. However, 
that I may not conceal any thing from you, that Modefty will fuffer 
me tocommunicate : They pictured Flora as a Nymph crowned with 
Flowers, of a comely, genteel Meen, and of a pleafant wanton Coun- 
tenance. Thofe who would know any farther, may have recourfe to 
Pier, Valerianus his Hieroglyphics; to And. Alciat’s Emblems, and to 
the Genial Days of Alexander Alexandrinus, where they may be fur- 
nifhed with a vaft Number of fine Hints for all Sorts of Fire-Works. I 
think it isnow Time for me, to touch upon Fire-Fountains, which may 
be exhibited upon all Occafions, if the Pyrobok/? thinks fit. 

Whatever Engineers reprefent in Water-Works by Jets, varioufly dif- 
pofed and contrived, may be exaétly imitated in Fire-Works, as we thal] 
hereafter evince. All thofe Artificial Fountains, whofe Name and In- 
vention we borrow from the Italians, may be very eafily contrived to 
hold a Quantity of Artificial Fires; which may be play’d off in fuch 
Variety and Redundance, as to excite the Admiration of the Spectators. 
Thefe will be the more furprizing and pleafing to the Eye, the more 
they are difguifed, and the nearer they approach to a Refemblance of 
real Fountains for playing of Water ; and by a little Induftry and Art 
you may fo order Matters, as to render it impofflible for any one to guefs 
by their outward Appearance, whether they be defigned for Fire or 
Water: Therefore to carry on the Fraud the more fpecioufly, you may 
fill fome of the Bafons of your Fountain or Fountains with freth Water, 

which 
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which may be thrown up by condenfed Air, if your Fountain be fmall, 
or by a convenient neighbouring Fall of Water, if it be large; this may 
be done the more effectually to deceive the People, and to make them 
believe, that what they fee is a real Fountain for Water. 

Now in this Article, the Pyroboli/ will have an Opportunity of dif- 
playing his Judgment, by adapting his Statues and Figures to the Nature 
of thefe Hydraulic Imitations. As for Example, he may reprefent a 
Neptune drawn by Sea-Horfes; a naked Arethufa recumbent; Nymphs 
and Nereids {wimming and floating upon the Surface of the Water, and 
playing with Sea-Monfters. Amongft other Things, Helle may appear 
upon a Ram, a Siren upon a Dolphin, and Europa upon a Bull; a naked 
Naiad, and the Story of Aten, who furprized Diana and her Nymphs 
when they were bathing themfelves; or that of fozas, who was thrown 
upon the Sea-fhore by a Whale; and feveral other delightful Decora- 
tions which may be borrowed from ancient Story, whether Sacred or 
Prophane. I fhall hereafter fpecify in the moft particular Manner, how 
all this is to be conftructed. But tho’ it might be neceffary, that I (aculd 
here (at leaft curforily) touch upon the feveral Articles relating to Nup- 
tial and Genethlian Fires, 1 fhall defift, as apprehending that thofe, 
whofe Genzus is never fo little Inventive, may form a thoufand fine Pie- 
ces from the Hints I have above-given, which may ‘equally furprize the 
Ear, and aftonifh the Eye. Let us now confider the fourth and laft Sort 
of Occafions, to which Fire-Works may be properly applied. 

And this is, when Friends meet together to enjoy themfelves over 
their Cups, and in Scenes of Jollity and Mirth. I fancy, I need not in- 
form you that Bacchus ordinarily prefides over all fuch Occurrences, and 
that ic is he, that bears the Bell away from all the other Divinities that 
might be introduced. 

Therefore muft we in fuch Cafes ereét Statues to this ‘oural God, 
and all his revelling Train; whom we thal! here delineate to you from 
the fame Authorities we have all along reforted to, for the Generation 
and Defcription of the other Deities here mentioned. I hall begin with 
this toping God himfelf, and collect the beft Account I can of him, for 
the Inftruction of our Pyrobolift. 

Bacchus, according to the Teftimony of Diodorus +, was the Son of 
Jupiter and Semele, and was bred up by Nymphs in the Grotto of Ny/a, 
between the Nile and Phenicia, from whence he was ftyled Diony/ius. 
He was called Bacchus, from a certain Crown or Garland which he 
wore on his Head, and which was compofed of Berries; or elfe (per- 
haps) from the Word Bacchari, which fignified the Shouts and Cla- 
mour made by thofé who celebrated his Feafts. He was fometimes 
ftyled the Liber Pater ; becaufe he gives the free and unlimited Ufe of 
the Tongue; or becaufe he frees from Trouble, and blots out the Re- 


T Diod. Lib, V. Antiq. Cap, Vv 
Aaaaa membrance 
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membrance of Misfortunes and Miferies in thofe who are his hearty De- 
votees. Hear Ovid. 


Cura fugit, multo diluiturque mero, 
Tunc veniunt rifus, tunc pauper cornua fumit, 
Tunc dolor & cure rugaque frontis abit. 


In Engh: 


Full Bowls difpel all Care, and Joy afford; 
Then enters Mirth ; the Beggar grows a Lord; 
Then far away are banifh’d Griefs and Fears ; 
No thoughtful Wrinkle in the Face appears. 


But Aufonius has in a more particular Manner traced up his Genealo- 
gy, his Appellations and Attributes, in Epigr. XXVIL 


Ogygia me Bacchum vocat. 
Ofyrim Aigyptus putat. 
Myfia Phanacen nominant. 
Dionyfoa Ind: exiftimant. 
Romana facra Liberum. 
Arabica gens Adoneum. 
Lucamacus, Pantheum. 


In Engh/b to this Purpofe : 


B Ogygia Bacchus 1 am deem’d. 

By Agypt Ofiris efteem’d. 

The Myftz call me Phanaces. 

The Indians fay I’m Dionys’. 

Th’ Adonis of Arabia. 

The Panth’us of Lucania. 

Me Rome, her Liber Pater claims. 

‘Fo each a God, tho’ call’d by diff’rent Names, 


Here is a fine parcel of Names of very different Signification ; and. 
you may make him appear under the feveral Characters above-exprefied 


in your Artificial Works. 
It is the univerfal Opinion, that he was the Inventor of Wine, and 


that he was the firft who cultivated the Grape; whence Tsbullus fays, 
Book Il. Eleg, TIL. : 


fit tu Bacche tener jucunda confitor uve. 


In 
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In Enghfb: 
But thou O gentle Bacchus, Planter of the Grape. 


Macrobius defcribes the Image of Bacchus to this Effect: + The Liber 

Pater was reprefented as of an Age between Puerility and Virility; and 
fometimes with a Beard as an old Man. On kis Head he wore a Wreath 
or Garland of Vine-Leaves, Fig-Leaves or Ivy : Vine-Leaves and Fig- 
Leaves in Commemoration of the Nymphs Staphila and Syca, and Ivy in 
Remembrance of the Boy Ciffus, who was turned into that Plant. He was 
fometimes drawn in a Car full of Vine-Branches, by Panthers, Tygers, or 
Linces. On one Side of him, you faw the good old Man Silenus mounted 
upon an Afi, attended by a great Number of Satyrs armed with Thyrfi, and 
the reft oj tt Bacchantes proceeding in a diforderly March before and be- 
bind bim. 

He was fome:ime: pictured with the Breafts of a Woman, and with 
Horns and a Wreath of Vine upon his Head; mounted upon a Tyger ; 
and bearing in his Right-hand a Bunch of Grapes, and in his Left, a 
great Pitcher to drink outof. Witnefs dlbric. de Imaginibus Deorum. 

He was Naked, to exprefs the Nature of Wine which can keep no- 
thing a Secret. 

And they mounted him upon a Tyger, to fignify, That every Thing 
may be fubdued by the Power of Wine. 

Some fay, he put Lycurgus to Death; meaning thereby, That Laws 
become ineffectual in fuch Republics, as are immoderately addifted to 
drinking. 

Dempfterus tells us, That Bacchus was alfo a Soldier, and that he 
made great Conquefts in India. He writes thus: Ze Thyrfus of Bac- 
chus was a Spear twined round with Ivy, which bis Army bore, when be 
led them to War againft the unpolifbed Indians. 

His Feafts or Revels were always celebrated in the Night-Time with 
lighted Torches, as we have obferved above. 


The Companions of Bacchus, and thofe who made up the greateft’ 


part of his Train, were the Silenz, the Satyrs, the Baccha, the Baffari- 
des, the Lena, the Thyades, the Mimallones, the Naiads, the Tityrt, 
the Nympbs and Faunes. 

Stlenus, the Fofter-Father of Bacchus, was pictured as an old Man 
with a bald Head, and mounted upon an Afs: Giving us to underftand 
by the doleful Equipage of this Man, That Drunkennefs transforms the 
wifeft- Perfon into.a Brute, and renders the fineft Genius, and moft com- 
prehenfive Wit, as ftupid as the Beaft on which he rode. Take the fol- 
lowing Defcription of him from Virgil, Ec/, VL 


¢ Macrob. Lib. 1. Saturn, 
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—— Chromis & Mnafylus in antro, 

Silenum pueri fomno videre jacentem; 
Inflatum hefterno venas, ut femper, Iaccho. 
Serta procul tantum capiti delapfa jacebant : 
Et gravis attrita pendebat Cantharus anfa. 


In Enghifb : 


Young Chromis and Mnafylus chanc’d to ftray, 

Where (fleeping in a Cave) Sz/enus lay, 

Whofe conftant Cups fly fuming to his Brain, 

And always boil in each extended Vein, 

His trufty Flaggon full of potent Juice 

Was hanging by, worn thin with Age and Ufe. 

Dropp’d from his Head, a Wreath lay on the Ground. Rofcom. 


It is of him that Ovid thus fings, Met. BIV. 


Quique fenex ferula titubantes ebrius artus 
Suftinet, & pando non fortiter haret afello, 


In Engh/b: 


His Staff, does hardly keep him on his Legs, 
When mounted on his Afs; fee how he fwags 


The fame Author, de Art. Am. Lib. Il. 


Ebrius ecce fenex, pando delapfus afello 
Clamarunt Satyri, furge, age, furge pater. 


In Englifh: 


Th’ old Soker’s drunk, from’s Afs h’as got a Fall: 
Roufe Daddy, roufe, again the Satyrs bawl. 


In the Roman Games, the Si/eni wore long Robes or Mantles wrought 
with feveral Sorts of Flowers. 
The Satyrs were cloathed in Goat-Skins, and had hideous Masks on. 
Faunus by the Latins, by the Greeks, Pan, was the God of Fields 
and Shepherds, and the Son of Mercury. He was pictured of a ruddy 
tanned Complexion; having Horns on his F orehead, and his Breaft 
adorned with Rays. From the Navel downwards, he was all hairy and 
fhaggy: He had Goat’s Feet, and one of them was crooked, Macrobius 
mentions him Lid. 1, Saturn. Cap. XXIII. i 
ut 
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But to what Purpofe fhould I perplex myfelf any farther, with giving 
an Account of Bacchus and his mad Attendants? Is it not enough, that 
I have pointed out to you the Places where you may have your Curiofi- 
ty upon this Head fully fated? Let thofe therefore, who have the Lei- 
fure, turn over the Authors J have here quoted: As for me, I fhall 
only give you fome particular Inftructions, concerning the Decorum and 
graceful Connection of our Fire-Machines; which done, I fhall pro- 
ceed to the Oeconomy and Diftribution of them. 


ADVERTISEMENT LIL 


Tt will be no fmall Ornament to our Pyrotechnical Machines, if the 
Engineer has Art and Skill enough to introduce the Orders of Archi- 
tecture; whether he would build a Palace, erect Triumphal Arches, 
Pyramids, Obelisks, Towers, Columns, &c. or only Parts of them: 
Or if he would prepare Fountains, or any other Pile, which muft be 
regulated by the Rules of Crud Architecture. I am therefore of Opi- 
nion, that we fhould raife thefe Adifices after the Ionic, Corinthian, or 
Compofite Order. It muft indeed be allowed, that the Doric Order is 
the moft Mafculine of all; and that ic feems in itfelf to be the moft 
proper for Triumphal Arches, Obelisks, Pyramids, and all fuch Pieces 
as are erected in Honour of viétorious Chiefs ; but the public Tranfport 
and Joy being boundlefs upon fuch Occafions, it has for the moft 
part been thought, that nothing can be too pompous for the happy Vi- 
étor : Wherefore thefe Triumphal Works require to be very elaborate; 
to be decked with all the richeft Ornaments of Sculpture; and to have 
their Afpect perfectly magnificent. Things being thus, the Compofite 
Order will anfwer your Purpofe the beft in all fuch Cafes; for it carries 
with it a fedate Gravity, and an Air of Royalty, together with an in- 
comparable Gracefulnefs; from whence it was, that the Romans had fo 
often Recourfe to it in Triumphal Atdifices; as may be collected from 
the Arches of Conflantine and L. Septimius Severus, not to mention 
thofe of Trajan and other Roman Emperors, which Onup. Panvinius has 
remarked, go the Number of Fourteen ; and which are for the moft part 
entire at Rome to this Day. 

The Corinthian and Ionic Orders will {erve extremely well for Wed- 
dings and Birthdays; for they are perfeétly delicate, and (if I may ufe 
the Expreffion) Effeminate ; the Firft of them being compared to a fine 
young Lady richly attired, and the Second to a fober, referved Matron 
in a modeft Garb. Thefe Orders alfo may ferve for Holydays, and in 
the Celebration of Seafons fet apart for Devotion. But by the way, ir 
will be proper that all thefe Works fhould be expofed to public View in 
the Day-time ; for otherwife to what Purpofe would it be, to beftow fo 
much Time, Labour and Coft, upon a Thing which is not to burn a- 
bove a few Minutes, and that at a good Diftance from the Spectators, 
and amidft the Darknefs of Night? 

Bbbbb Featts 
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Feafts and Banquets alfo require the Corinthian Order; for upon 
fuch Occafions every one betrays his Luxury, Vanity and Prodigality, 
by all the Superfluiries that can be devifed. 

The lowe, and moft fimple Orders, will always be beft for 
Fountains, &c. fuch as the Tufcan and Doric intermixed with the Ru- 
Sic; for it is proper, that they fhould have a rude and grofs Afpect; 
but upon Occafions which require fomething more than Common, you 
may beftow what Embellifhments you pleafe on them; always keep- 
ing a ftri& Eye upon the Rules of Architefyre. Or at leaft (if they 
fhould chance to be naked and plain) you may adorn them either with real 
or imitative Rock-work, according as either of them futes beft with 
your Convenience. 


ADVERTISEMENT I. 


All your additional Ornaments mutt be judicioufly chofen, whether 
they be in Relef oc in Painting ; fo that there may be no Incon- 
gruity or Diffonance fubfifting, between the Nature of the Thing cele- 
brated, and the univerfal Conftru€tion of your Machinery. Thus, up- 
on the Inaugurations and Coronations of Kings, you may reprefent fa- 
cred Emblems and Stories: For Triumphs, Things of Victorious Im- 
port: For Weddings and Birth-days, you may introduce Scenes of Mirth 
and Gayety, fuch as Dances, &. At Banquets and Caroufals, you may 
reprefent Fictions, expreffing the mutual Joy and Carefles berween 
Friends. At Coronations, you may adorn your Work with Royal 
Crowns and Scepters: At the Confecrations and Inftallments of Bithops » 
with Micres according to their Rank; with the Armorials of particu- 
lar Provinces and Cities; and with every Thing elfe, that bears Relati- 
on to the Quality of Perfons preferred to any eminent Station in the 
Church. 

As to the Ornaments neceffary for Triumphal Works, you may be 
fufficiendy inftruéted by Trajan’s Pillar; which the Roman Senate 
caufed to be erefted in token of their Acknowledgement, and live- 
ly Senfe of the great Merit and Virtue of that Emperor. Geor. Fabri- 
cius defcribes it thus: > The Column it/elf is crufted over with Parian 
Marble, on which are expreffed the great Altions of Trajan, and parti- 
cularly the Dacic War. There you may fee Reprefentations of For- 
treffes, Bulwarks, Bridges, and Ships, together with the Employments of 
the Army; fame fawing of Wood; fome putting the Pieces of a Building toge- 
ther; fome drawing out the Lines for fortifying the Camp; Pioneers at work 
upon the Trenches; fome leading their Horfes to Water; others carrying Tro- 
phies, and marching asit were in Triumph; as alfo Corflets, Helmets, Shields, 
ond Bucklers, Belts, Clarions, Daggers, Favelins, Swords, Quivers of 


t Geo. Fab. Rom, Cap, vii, 
4r- 
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Arrows, &c. On that Side, where the Infeription is wrought, there are 
winged Vitories accompanied by two Eagles. 

Prudentius {peaking of Simmachus, has very naturally defcribed the 
Triumphal Arches, and the Ornaments with which they were enriched 
in thefe Verfes. 


Fruftra igitur currus fummo miramur in arcu 
Quadrijuges, flantefque Duces in curribus altis; 
Fabricios, Curios, bine Drufos inde Camillos, &c. 


By which he gives us to underftand, that the Triumphal Arches were 
adorned with pompous Cars; in which were beheld the Statues of migh- 
ty Chiefs, fuch as the Faéricit, Curti, Drufi and Camilli; at whofe 
Feet were Captives feen on bended Knees, and bound with rigid Chains. 

To all this, we might add the feveral Sorts of Military Garlands, or 
the Crowns which we mentioned above; but the feveral Sorts of them 
mut be moft pertinently adapted to the Subje@s celebrated ; for Exam- 
pie; after a compleat Victory obtained in the open Field, you may ufe 
Crowns of Laurel; after the carrying of any Place by Storm, Mural 
Crowns winged: After a fuccefsful Combat by Sea, Naval Crowns : 
Wreaths of Oak, for thofe who have preferved their Fellow-Citi- 
zens: For a Siege raifed, Garlands or Crowns made of the Flowers 
of the Field; and of Olive, for thofe who have reftored Peace to their 
Country. To thefe may be added Fe/foons (fo called from the Latin 
Word Fefiivitas, which fignifies Mirth and Pleafantnefs) in token of Joy. 
Now, Fe/loons are certain Ornaments compofed of an agreeable Affem- 
blage of Leaves, Flowers, Bloffoms and Fruits. But you muft take No- 
tice, that in Triumphal Works the Fe/foons fhould be adorned with ve- 
ry few Flowers or Bloffoms; but muft be enriched principally with 
Fruits, intermixed with Leaves and Branches of Laurel and Ivy: You 
may alfo amongft your other Embellifhments have fingle Branches, and 
Foliages of Laurel and Ivy, Olive and Vine, as it were negligently dif- 
pofed of; but not at random, and in Places improper for them. 

Upon 6acred Occafions you may exhibit Cherubims, Palms, Pome- 
granates, Crofles, Stars, and Divine Emblems, reprefenting Holy My- 
fteries ; thereby to touch the Hearts of the Spectators, and beget in 
them Emotions of Piety. 

The @rnaments and Embellifhments proper for Machines erected for 
‘Weddings and Birth-days, &c. are Garlands of Rofes, Lillies, Violets, 
and other Flowers; together with feveral Sorts of Fruits; fuch as Ap- 
ples, Pears, Grapes of all Kinds, Plumbs, Olives, Medfare, Dates, Cj- 
trons, Lemons, Oranges, Pomegranates, Quinces, Melons, Cucum- 
‘bers, arid a thoufand other Fruits; all which may be bound together 
in Feffoons, interfperfed with Leaves or Branches of Olive and Vine, 
Thefe will have a moft beautiful Effect in your Pyrotechnical Works. 

You 
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You may have alfo little Birds curioufly wrought, and perching upon 
Branches of Palm, or Bunches of Grapes; together with Horns of 
Plenty, Ears of Corn, Sheaves of Wheat and Rye, &c. Again; at 
Feafts and Caroufals, you may either paint or carve in Relief, Cups, 
Goblets, Flasks, Bottles, Flagons, Barrels, Tuns, Dithes of Meat, Baf- 
kets and Voiders full of Sweetmeats, Plates, Knives, and all the necef- 
fary Furniture of a Table; as alfo Mufical Inftruments, (viz.) Cit- 
terns, Guittars, Violins, Bafs-Viols, Flutes, Cornets, Hautboies, &c. 
Upon the Celebration of Marriages, you may particularly introduce the 
Arms of the Bride and Bridegroom, which may be fixed upon the 
Frieze, (if your Piece be compofed of Pillars) or upon the Shafts of 


the Pillars themfelves, fet off all round with Flowers, Foliages and 
Ribbons. As for the Art of making the Names of the married Couple 


appear in Fiery Characters in the Air, you may turn back to what I 


faid in the fiz/t Part of Book IV. upon this Subject. 


Your Fountains fhall be adorned with all Sorts of Shells, and Stones 
of variety of Colours, little pieces of Rock-Work, glittering or tranfpa~ 
rent Stones.and Pebbles, one and the other Coral, Splinters of Marble, 
and a thoufand Things of that Nature, whether Natural or Artificial. 
To thefe you may add Reptiles and Infeéts of all Sorts, (viz) Toads, 
Frogs, Serpents, Snakes, Lizards, Vipers, Grafs-hoppers, Beetles, Flies, 
Ants, Crickets, Bees, Spiders, Snails, Horfe-leeches, Cray-fifh, and an 
infinite Number of other Creatures, which naturally haunt the Water, 
amongft which may be interfperfed the feveral Sorts of Aquatic Herbs ; 
together with the open Jaws of Lions and Bears. You may alfo repre- 
fent feveral Animals, fuch as Hedge-hogs, Weafels, Rats, Rabbits, 
Hares, &c. together with Birds of amphibious Nature, {uch as Geefe, 
Ducks, Teal, Storks, Swans, Swallows, &c. 


ADVERTISEMENT IIL 


The Garb or Drefs of your Human Statues fhall be chofen from the 
oldeft Fafhions that can be taken from the Monumeats of Antiquity ; 
for it muft be allowed, that nothing pleafes the Eye more, than the fe- 
veral Habits which were the Mode amongft the ancient Romans, &c. 
(viz) the Toga, Sagum, Pretexta, Trabea, Paludamentum, &c. all 
which are {till vifible in what Reliques we have of the ancient Magnifi- 
cence, whether Buildings or Medals. The particular Fafhionsand Ufes 
of the abovementioned Habits may be found in Nonius Marcellus, Fu- 


ftus Lipfus, Rofinus, Dempfterus, and.in others. 


You may alfo cloath your Statues in the Skins of the Lion, Tyger, 
Leopard, Linx, Panther, Wolf, Bear, or fuch like Beafts of Prey; in- 
Imitation of the Heroes of Antiquity, who clad themfelves in the Spoils 
of thofe ravenous Creatures. 


To 
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To all this, we might add-the feveral Sorts of Mihtary Inftruments, 
which will be the more agreeable, the more they are conceived in the 
Guife, and bear the Appearance of rude Antiquity. 

And therefore, I think it would be-an ornamental Addition to our 
Works; if we painted or wrought in Reef, the Funde or Slings, the 
Fuftibuli, Bows, Crofs-Bows, Javelins, Lances, Spears, Partuifans, Pikes, 
Half-pikes, Axes, Pole-axes, Clubs, Swords; add to thefe, Shields; 
Bucklers, ‘Targets, Corflets, Breaft-plates, Cuiraffes, Crefts, Gantlets, 
Knee-pieces, and all the Pieces of Armour and Arms, which were’ in 
Ufe amongft the ancient Romans: You may alfo introduce the old- 
fafhioned Fire-Locks, Bows, Arrows, and Quivers ufed by our Forefa- 
thers: All thefe will be very natural Embellifhments, to Statues; Tro- 
phies, Triumphal Arches, &c. In fum, to exprefs much in few Words; 
you muft make it your utmoft Endeavour to cultivate a Variety in all 
your grand Pieces, that you may never cloy your Spectators with an in- 
fipid Repetition : But on the contrary, let your Invention be perpetual- 
ly on the Wing, that you may always have it in your power, to fur- 
prize them with fomething altogether new, perfectly natural, and judi- 
ciouily underftood: And thus by anticipating, or rather exceeding their 
Expectations, you may expect the public Applaufe in Reward for your 
Elegance and Induftry; for tho’ (as we are told by a confiderable Au- 
thor) Zéings done in the common Road may often adminifter Pleafure, 
they feldom or never excite the Admiration. 


Of the Oeconomy, or Diftribution of Artificial Works, i 
Recreative Pyrotechnical Machines; and of feveral other 
Things relating to the fame Subject. 


(TBE Explication of the Thematifin or Decorum, neceflary to be ob- 
“  ferved in our Pyrotechnical Machinery; has been confiderably more 
prolix than J at firft forefaw : But I hope to handle the Subject now en- 
tered upon, after a more compendious Method; and that, by means of 
certain fuccinct Rules, which I fhall here lay down for your Inftrudtion 
in the Oeconomy and Manual Practice of this Branch of our Art. . ‘They 
are thus: 
I. | 

As foon as the Engineer has conceived a fine Thought for his Pyro- 
technic Works, it will be abfolutely neceffary that he be able to exprefs 
it in Drawing, the three Branches of which are Ichnograpby, Orthogra- 
phy, and Scenography. I fay, it will be proper that he be a tolerable 
Mafter of Defgz; or at leaft, that he be able to sketch or crayon a lit- 
tle (as Vitruvius has it) that he may give the Perfon who employs him, 
a View of his intended Work upon Paper. 


Cccce II, Ie 
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It will not be enough, that he barely know how to sketch out his De- 
fign upon Paper ; but it will be proper alfo that he be dextrous enough 
to make Protorypes and Models of it in Wood, Wax, Plafter, Paper, 
or Pafteboard, &c. fo that by this means any Deformities or Irregulari- 
ties may appear obvious, and undergo a futable Correction, before he 
begins the Piece itfelf. 

Ill. 

As foon as your Defign is brought to-fuch a Point as to meet with Ap- 
probation; you are in the firft Place to confider the Charge and Ex- 
pence allowed for compleating it; that you may be able to {quare your 
Work to your Purfe. You are then to treat with Workmen, whofe Af- 
fiftance you may ftand in need of, and contract with them for their La- 
bour, and the Materials they are to furnifh you with. It is here that 
our Engineer will have an Opportunity of difplaying his Honefty, by 
fhewing how faithful and juft a Manager he can be of the Wealth of 
others: And it will be no difficulty for him to acquit himfelf with Ho- 
nour in this Cafe, if he does not infift upon fuch Things as are hard to 
be procured, and confequently very chargeable; or if he has not his own 
Intereft, and fordid Lucre at Heart; or if with a View of future Pre- 
fents from the Workmen, he does not {quander away what he is entruft- 
ed with, and what he will be obliged to render a ftriG@ Account of, if 
not in this Life, in the next, 

IV. 

Being entered in good earneft upon the Work, the Engineer is to 
take particular Care that the Workmen do their Duty toa tittle, and 
that they pundtually obferve all the Rules of our 4rt, in the Conftrudti- 
on of Rockets, Crackers, &c. to the end that the Whole may redound to 
his Credit, and have an Effect worthy of the Expence. 

V. 


The Carpenters fhall firft make the Carkafs or Frame of the whole 
Machine, with Timbers, anfwering to the Proportions of the Model 
which fhall be-given to them: I here {peak of large AEdifices, fuch as 
Palaces, Triumphal Arches, Towers and Caftles, &c. for as to Co- 
lumns, Pedeftals, Fountains, Obelisks, Pyramids, Human Statues, and 
Figures of Beafts; they all require to be conftructed after a particular 
Manner. Tho’ the Order we are hére {peaking of, may be obferved in 
the Conftruction of fotne of thefe laft, as rhay be renvarked in the Re- 


ig. 197,prefentation of a Dragon ‘in Fig. 197 and t98. In the firft of which you 
and 198-have a Sight of the Bottom-Piece or Foundation of the whole Figure, 


and the other gives you the Form of it, and thews you the Order and 
Difpofition of all the Pyrotechnical Works withinfide. But as for grand 
and confiderable Machines, you may perceive the Orthography and Sce- 


Vig. 204. ography of them, in the Rampart of a Caftle diftmguithed by‘A, in Fig, 


204. It will be very eafy to erect Towers, whether round or many- 
fided, 
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fided, Columns, and Obelisks ( provided they are not very large) upon 
the Trunks or Stumps of Trees, or upon great round, or many-fided 
Blocks of Timber: Thefe may be ordered much after the fame manner 
with the Cafes or Tubes which we touched upon in the foregoing Chap- 
ter: (Confider the Figure of the Tower Number 204; the Form of 
which does not vary much from the Cafe defcribed and reprefented in 
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Fig. 193.) Now the larger Sorts of thefe muft be buile with ftrong Fig. 193 


Beams, Rafters, and Planking, which muft contain within them a 
good quantity of Cafes of Compofition, and other Artificial Works: 
Add to thefe the ufual Embellithments, (vz.) Puafters, Parafate, 
Architraves, Capitals, Pedeftals, Columns and Pyramids, all which 
may be made of Boards, or at eaft formed of four, or more Spars, per- 
pendicularly erected upon the Angles of the Bafe, or terminating in a 
Point at Top; (which is natural toa Pyramid ;) after this manner you 
may make the Frames and Carcafles of Parallelopipeds, Polyhedronic 
‘Prifms or Pyramids, and then cloath them with waxed or pitched Cloths, 
‘or coat them over with Pafteboard: Thefe may be filled with one or 
feveral Sorts of Cafes, Sky-Rockets ready fticked, and neatly difpofed 
in the Interftices between the Cafes, and againit the Sides of the Pile or 
‘Machine itfelf. 
Wd. 

Human Statues, and Figumes of Beafts may be ordered: two Ways. 

Firft, The Statuary or Carver muft :cut out the Bodies in Wood with 
all their Lineaments and Mufoles accordmg to ithe Proportions given to 
him, and according ashe is:direGed, ‘he muft:make them either naked 
‘orcloathed. Then taking them and anointing ‘them ‘over with Soap or 
Wax, they muft be-coated over with Pulp or Pafte of ‘Paper, kneaded 
‘or mixed up with Glue Water; which Coating fhall ‘be 2:or 3 ‘Lines in 
Subftance. It muft'then be dried by:a gentle Fire, and.as foon as the 
Skin or Coat is thoroughly dried, it fhall be divided into two-Parte, that 
is, it :muft be cut with a Knife clofe -home to the Wood, ‘on ‘each Side 
from the'Crown of the Head to the Soal of the Foot; and thus taking 
off this Pafteboard Skin you will ‘have ithe ‘hollaw Image of a Man or 
Beaftt. Inthe feveral:Cavities of it, hall be :fixed ‘one or more Cafes of 
‘Compofition, which mouft -be previoufly fhaped ‘according to the-Gurva- 
tures or Flexions of the.Body, and well re-inforced ‘or woulded to/fe- 
cure thern ‘from flying abread, or fplitting by the Violence of -the-Fire, 
before they have performetl their due Effects ; and it will be proper:to 
fix them upon fome ‘firm Support, that they. may be immoveable ; which 
done, they:muft be hid in the:before-fpoken-of Paper Skin; taking Care 
to pafte the Joints and Crevifes very fubftantially together. 

There are thofe who. only inclofe one:Cafe within the Body: or'Skin, 


as:nay be obferved inxke State of Fortune.in.Fig.:202. But there are Fig. 204. 


others, who dextroufly fill ‘che-Arms, Legs, Thighs, Hands and Feet 
‘with Rawning Rookets, or ‘Craokers, or Cafes of Compofition carioully 
difpofed 
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difpofed of, and having Communication with each other by little Trains 
or Fuzes, fo-that they fucceffively confume one after another. The 
Contrivance of this may be clearly obferved in the Statue of Bacchus in 
Fig. 200: But I muft here remind you that the whole muft be fixed 
upon a folid Foundation, fo as to be immoveable, and not be in a tot- 
tering Situation : Wherefore it will be farther neceffary, that the Neck, 
Arms, Reins, Thighs, and Legs fhould be re-inforced with Iron Plates, 
or Rods, bent and turned, fo as to humour and fit the feveral Angles 
and Flexions of the Body, according as the whole Frame of it leans 
more or lefs, and according as the Limbs are more or lefs contracted-or 
ftretched out. In fhort, the whole Infide of the Body mutt be ftrength- 
ned with Iron Plates or Rods, if it happens to lean either Forwards or 
Backwards, to the Right or the Left. Now as to the Method of find- 
ing the Openings of the feveral Angles formed by the various Flexions 
and Curvatures of the Body, you may eafily have them by the Affift- 
ance of a folding Rule, fuch as Carpenters and other Workmen ufe; 
which Rule is in its general Conftru€tion very much like a Seéfor, which 
alfo may ferve you for the fame Purpofe. 

The fecond Way of forming Statues is thus: According to the Size 
or Form of the intended Body, they with a Number of fuch Cartouches 
or Boxes I gave in Fig. 189, make the one half of the Statue; that is, 
that Part which comprehends the Breaft, the Back, the Belly, and others 
of the Inferior Members. . Then with Boxes or Cafes of fmaller Sizes, 


they form the Neck, the Head, the Arms, the Thighs, the Hands, the 


Fig. 202, 


Feet, and all the Extremities of the Body; bending and fafhioning 
them at pleafure upon Wooden Balls filled with a flow Compofition, and 
piercing them.in two Places, juft as the Fold or Curvature of the Limb 
requires: Into thefe little Borings they ftick little Fuzes to give Admif- 
fion to the Fire as faft as the Balls conceive it. All thefe Articles and 
Circumftances being duly obferved, and cultivated, the Statue is co- 
vered over with fome Cloathing of Cloth, or Canvafs, or Silk, or (if you 
will) Paper, cut out, fewed together, coloured, and diverfified, juft as 
the Engineer fhall think proper. ‘To the Head of it, is added a Pafte-, 
board Mask, and Shooes, and Gloves of the fame, are put upon its Hands 
and Feet; in fhort, they endeavour as much as poffible, that none of 
the Infide may appear in Sight. The Head of the Figure is commonly 
a Ball filled with fow Compofition; which Ball is fometimes bored in fe- 
veral Places, and efpecially when they would have a {mall Fire Rain, or 
long Rays to dart forth as from Running Balls. This I have reprefented 
to you in the Ball upon which the Statue of Fortune is fixed in Fig. 
202. 

But I muft here ftriGly caution our Pyrobolif to take the utmoft Care 
in joining and affembling the feveral Members of the Body, that they 
may be in no danger of being difperfed by the Violence of the Fire, and 
that the firft that are enkindled may not tear away thofe which have 

not 
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not yet been confumed ; for otherwife your Work will have a far other 
Effet than you expected. 
VIl. 

Whatever Animals you would reprefent, fhall be cloathed in theit 
own natural Skins, that approaching thereby the nearer to Nature, 
they may the better and more effectually deceive the Spectators. How- 
ever; it will be in the firft Place neceflary, that you thould cut thefe 
Skins to pieces, and few them flightly together again with wide Stitches; 
to the end, that when the Artificial Fires inclofed in them would fly 
out, they may meet with no Obftacle of fufficient Force to retard, di- 
vert their Courfe, or repel them; but that with an Ation free as Air, 
they may purfue their Effects, and burn and depart without the leaft Re- 
ftraint or Oppofition. The fame Thing is to be underftood of the 
Cloathings of Human Figures, be they made of what they will, whe- 
ther Silk or Cloth, &c. particularly if your Fires are fo difpofed with- 
infide as not only to rife up or burn out perpendicularly, but alfo ob- 
liquely to the Right and Left. 

| Vil. 

W ater-Globes mutt in like manner be covered over with Scales of Fifh, 

and the Plumage of Water-Fowl. 
IX. 

The Coverings of Palaces, Triumphal Arches, Towers, &c. if they 
confift of Planks or Boards (after having been garnifhed withinfide with 
feveral Sorts of Cafes of Compofition, and other Pyrotechnical Works) mutt 
be armed on the Outfide with Iron, or Paper Crackers; for which rea- 
fon you fhall make little Grooves or Channels in the Interior Surface of 
your Planks, &c. in which you may lay Trains of Qyuick-Match, or of 
fome Compofition, and fix Crackers upon them after the manner I taught 
you above, when I treated of Shields and Bucklers, and in the fame Or- 
der, as may be obferved in Figures 200, 202 and 204, by the Letters B, Fig. 209, 
C and F. 202, 204. 

X. 

To give you a general Rule for your Inftruction in the Beauty and 
manual Practice of this rt, I can orlly tell you 5 That every Part either 
within or without your Machine, or that is in any wife dependent up- 
on it, muft be compofed of fome Kind of Fire-Work: Wherefore all 
the Beams, Rafters, Tranfums, Planks and Boards; Capitals of Co- 
lumns (if there be any) the Paraftate, the Lifts, the Flutes, Cornices, 
Friezes, Architraves, Modillions, Dentils, Trygliphs, Drops, Metops ; 
in fhort, the Plinths, Pedeftals, Apophyges, Bafes, and all the Enrich- 
ments and Decorations, fuch as Wreaths or Garlands, Foliages, Fe- 
ftoons, Fruitages, Leaves, Flowers, Antics, Coat-Armours, Shields, &e, 
mutt all confift either of Crackers, Stars, Sparks, Rockets of all Sorts, or 
of little Hobbits charged with the various Kinds of Fire-Balls. As for 
the Manner of conftru@ting Bafons with their Pedeftals, and the Me- 
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thod of ordering the Steps of Fountains, and garnifhing them with 
Rockets or Crackers; it may be eafily learned from the Figures diftin- 
guifhed by C and D. 

XI. 

You muft fix fome of your Iron Crackers obliquely, and others per- 
pendicularly to the Horizon, but their Vents or Fuzes fhuft be turned 
fome Upwards, and others Downwards ; fome to the Right, and others 
to the Left: Thus will they be alternately and diverfly difpofed. You 
muft take particular Care, that your double and triple Crackers be all 
fixed perpendicularly to the Horizon. 

| XII. 

Now as no particular Sett of Things meets with Approbation from all 
Sorts of People; and fince what pleafes one difguits another ; and in 
Confideration that our Works are not defigned to adminifter Pleafure to 
a few Perfons only ; but are to undergo the rigorots Scrutiny and Exa- 
mination of a Multitude, whofe Taftes it will be neceflary for our Py- 
rotechnician to confult (provided that the Bulk of his Speétators are of 
fufficient Capacity, to judge aright of his Work; for otherwife it would 
be better to pleafe a few Perfons of found Senfe and Knowledge than 
thoufands of the Ignorant and Vulgar.) I fay, thefe Things confidered ; 
it will be very proper to intermix your Crackers with Rockets of feveral 
Sorts, and other Pyrotechnical Inventions, which from time to time, and 
at futable Intervals, may depart, fly up, and perform the Effects natural 
to them, thereby to increafe the Diverfion, and avoid Scandal. Far- 
thermore, if the Engineer thinks proper, or if it be the Will of the 
Perfon or Perfons he is employed by, to have feveral Fires break out at 
once, and to have the Difcharge of Crackers more frequent than is cu- 
ftomary ; there fhall be a good Number of Vents made in feveral Parts 
of the Machine, through which the Fire may be introduced whenever 
you pleafe into the Works contained in the Body of the Fabric : For 
there are thofe who ufually make but one Vent, and that, upon the 
Top of the whole Pile; by which means the whole Body of it is con- 
fumed fucceflively, and by Degrees : But this muft be left to the Engi- 
neer. This way of giving Fire to our Machines, muft be owned to be 
very Artificial ; but the other is more certain and les dangerous. 

XII. 

Fires of various Colours are held in great Efteem with regard to 
thefe Works ; as if, for Example, you would reprefent a Rainbow, an 
Infernal or Gloomy Fire, Water, Stars, and fuch like: But having han- 
dled this when we fpoke of Sky-Ragkets, our Pyrotechnician may turn 
back to that Part of our Work, where he will meet with fufficient In- 
ftruCtion upon this Head. Again; you muft contrive to have imitative 
Lightning, or fome extraordinary Flathes or Glares, which will vanith 
as foon as feen. This may be eafily done with a little yellow Amber or 
Colophone, Gum Funiper or Ship Pitch well pulverized or mealed. 


XIV. If 
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XIV. 

If the Engineer by his Artificial Fountains would reprefent a Crofs, 
a Star, a {mall Rain, a Rainbow, or any Thing elfe of that Nature, 
he muft get Clay Pipes made; (for our Compofitions, however ffow they 
may be, will melt any fore of Metal by means of the Su/phur, Salt- 
peter, and other hot and violent Ingredients they are compounded of ;) 
thefe Pipes may be made after the fame Form and Fafhion, as when 
applied by Water-Engineers to perform the like Effects. They fhall be 
made with a wide hollow Foot at Bottom, that they may conveniently 
ftop up or cover the Orifices of Ca/es or Globes: The Compofitions thefe 
are filled with muft be very flow, and mixed with certain Portions of 
Things which produce Fires of various Colours, and Sparks in abun- 
dance. Again, all the Pipes fafhioned after the Manner we have here 
fpecified, muft be alfo filled with as much of the fame Compoftions as 
they can contain. 

XV. . 

The utmoft Diligence muft be applied in conducting the Trains, in 
fixing and adjufting the Rockets and Crackers, and in the difpofing of 
all the other Works; in which confifts the whole Beauty of the Fabric, 
and in the Execution of thefe Articles the Exgineer will have an Op- 
portunity of difplaying his Skill; in fhort, it is upon his prudent Ma- 
nagement of thefe Circumftances that his Welfare and Life depend; 
and not only his own, but thofe alfo of his Workmen and Spectators * 
For to fay the plain truth of the matter, I have feen many Fire-works ; 
but Few, that fucceeded fo well as might be wifhed; becaufe the great- 
eft Part of them catching univerfally and inftantly in a Blaze, have 
fometimes been the Death of feveral, and {poiled many unfortunate 
Perfons, who (far from expecting fuch calamitous Accidents) came to 
be diverted. Now the induftrious Pyrodoli# will avoid the Danger of 
thefe fo-much-to-be-dreaded Difafters, if he be particularly cautious to 
fill all his little Pipes, Fuzes, or Trains of Communication, with a 
Compofition whofe Sloth he has been affured of, by repeated Experi- 
ments. I approve perfeétly well of Quick-Match, that has been through- 
ly dried and duly wrought; and this I advance from my own Experi- 
ence, having often ufed it myfelf with Succefs: But whether you pre- 
fer Quick Match, or whether you think that Slow Compoftzon. will an- 
fwer your Purpofe the beft; I fay, which foever of them you 
choofe, it fhall be laid in Channels or Pipes of Copper: For if they 
be made of Wood they are prefently burnt, or elfe they fplit; if they 
be made or lined with Lead, they melt with the leaft Heat; if made of 
Iron they inftantly grow Red-hot, and fet fire to the wooden Work, 
Cloth, Paper, &c. and thereby ruin your whole Undertaking; but Cop- 
per Tubes or Pipes are exempt from all the aboverientioned Accidents, 
from the natural Hardnef, or Solidity of their Metal. Thefe Pipes or 
Tubes fhall be well reinforced with the Sinews of Beafts fteeped in 

Glue; 
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Glue, in which has been previoufly diffolved a little Allum Plume, 
All thefe Pipes muft be laid in Grooves wrought in the Wooden-work 
of the Machine, or they may be fixed naked from one Fire to ano- 
ther. 

The Junétures or Joints of them muft be well luted with Clay, or 
elfe faftned together with Sinews well fteeped in Glue, fo that the Fire may 
have no Excurfion through them. Again; you muft make feveral 
Vents or breathing Holes through which the Fire may correfpond with 
the outward Air; for if it be kept clofe it will either be fuffocated, or 
burft the Pipe which confines it. All thefe Vents fhall be made with 
fuch Care and Exaétnefs, that they may ‘not only let out the Fire clear of 
the other Works, but alfo (if they are hid in the Planking, or if they 
are fixed on the Outfide) fet fire to the Rockets and Crackers, in confide- 
ration that feveral other Parts of the Machine will be confumed whilft 
the Rockets and Crackers are difmiffed and difcharged: But however as 
thefe Vents will not be fufficient to let out the Filth generated ‘from the 
Smoke and impure Particles of your Compofition or your Quick-match, 
which will clog up the Train-Pipes (if we may fo call them) you may 
at convenient Diftances make Spouts, Gutters, or pretty large Aper- 
tures, through which all the Feces may be difcharged, and at the fame 
time give Admiffion to the Air: here alfo you muft take care that 
the Fiery Filth thus expelled, does not interfere with any of your o- 
ther Fireworks, but that it may be carried clear off by pretty long 
Spouts. 

Above all. Things you muft be cautious not to fuffer any Match or 
Fire near your Machine, that you may not be liable to fuch Difafters 
as might arife from their Proximity. Upon the whole I apprehend, that 
JT need not trouble myfelf with giving you particular Inftructions for con- 
ducting your Trains or Fuzes; and indeed no particular Rule can be 
daid down to guide you in it; becaufe of the Variety of Poftures, Si- 
tuations, and Contrivances of our Pieces of Machinery. It is to be 
-hoped that whofoever attempts any Performances in this Ticklifh Art, 
will by a due attention to the Rules with which we have furnifhed 
him in this Work, be able to avoid all Blunders and Miftakes; add to 
which, that our Pyrotechnic Novice may gather fufficient Direction in 
this Matter from the Orthographic and Scenographic Figures which we 
have with fo much Care and Induftry traced out. 

XVI. 

The laft Thing I would recommend to you is, fo to contrive, as to 
have none but fober, confiderate, and virtuous Men concerned in 
carrying on the Work under you; and never to admit any vile, prophane 
Men into your Service: For fince we muft not hope for Succefs in 
our moft trivial and minute Undertakings without the Concurrence of 
Heaven; you may readily imagine, That you will ftand in the great- 
eft need of the.Celeftial Protection, when encompafied on all Sides 
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with extraordinary Dangers, asall thofe are, who make Profeflion of 
our Art: And therefore ought you to have a continual Eye upon 
Heaven, and to depend upon God for your Safeguard and Protection ; 
and endeavour to render yourfelf a deferving Object of his Mercy and 
Paternal Care: For the accidental Shock of two Stones, the hafty At- 
trition of two Strings, nay the very impetuous Rubbing together of 
two Straws, may be the Death of you, when bufied in fuch perilous 
Occupations. 

What I have farther to fay here, is addrefled to the Smiths, Car- 
penters, Brafiers, Joiners, Turners, Mafons, Carvers, Plafterers, Pain- 
ters, and the whole Tribe of Workmen, whofe Affiftance is required 
in compleating our Pyrotechnic Fabrics. To thefe I muft recommend; 
as they all act inSubordination to the Fire-Engineer, That they endea- 
vour to pleafe him and do him Juftice, by obferving to execute all his 
Orders and DireCtions. In fhort, the Engineer ought to be a perfect 
Judge of the Capacity of his Workmen, and the Value of their Work 
when done, and confequently know how to accept the Good, and re- 
ject the Bad; for whatever Misfortunes happen, they will all be imputed 
to him, and not to the Workmen he employed; and on the other Hand, 
all the Applaufe refulting from the Succefsful Conftruction of the whole 
Fabric will fall to his Share. Thus muft he expect to fuffer all the 
Blame if his Work demerits it, or to bear away all the Praife if it de-~ 
ferves Approbation. 

And now having fet the laft Hand to our Recreative Fireworks, after a 
pretty Long Differtation on them, (perhaps more fo than fome could 
have withed) I fhall proceed to the Second Part of this Book, in which 
J thall entertain you with Artificial Military Fires. 


Eeeece PART 
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PART IL of ths BOOK. 


Which Treats of 
Serious or Military Fireworks, 


Whether Fixed, or Projectile. 


CHAP. I. 


Of Fire Ollz or Pots of all Sorts, Powder Flasks, Bottles, 
Chelts, ec. 


KEEX F all the Pyrotechnic Defenfive Works, with which I propofe 
Rous to entertain you, in the Second Part of this Fifth Book; 1 
J fhall firft prefent you with the feveral Sorts of Fire-Pots, 
moss: Flasks, Bottles, and Chefs, &c. Thefe I fhall begin with ; 
becaule they are more fimple in their Conftruction, than the other 
Things which are to follow them; and I fhall reduce them within the 
Bounds of this Chaptet, becaufe they are in general prepared after one 
Way, faving fome Particulars which are peculiar to each of them a- 
part, which Diverfity becomes natural or neceflary to them from the 
Variety of their Figures and Sizes. I fhall then inftru& you in the 
feveral Methods of filling and charging three certain {mall Veffels. 


METHOD IL 


In the Firft Place; Pour Quick-Lsime finely mealed into fome Vefiel, 
till one Third of it be filled; which done, fill it up to the Brim with 
good Corn Powder, and cover it with {trong Paper, or a wooden Lid; 
and over that with a pitched Cloth. You are to tye on Ends of Match 
to the Neck and Ears or Handles of your Por, if it be made of Clay, 


Fig. 206,a8 you may obferve in Fig. 206. Your Veffel being thus ordered, and 


having 
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having lighted the Match at both Ends, it fhall be thrown amongft the 
Enemy from fome Eminence ; as for Example, from the Top of a Ram- 
part, or a Wall; or from the Baflions of any Fortrefs into the Fo/sé or 
Mout, or to any of the neareft Places if it be delivered by Hand: Bur 
it muft be projected from proper Machines, if you would fend it to Di- 
ftances, fuch as the Lines or Works of the Enemy. On the other fide, 
thefe Veftels may be thrown by the Befiegers into the Place befieged; 
and they may likewife ferve in Sea Fights, with great Difadvantage to 
the Enemy and their Ships; for as foon as thefe fall upon a Ship’s Deck, 
or meet with any hard Subftance, they will never fail to break and fly 
in Pieces; upon which the Powder will be fpilt, and fcattered abroad, 
and the Match falling amongft it, it cannot avoid Accenfon,; 
and will accordingly break out with fo terrible a Flafh, as muft {poil 
and deftroy many of the Enemy, and perhaps burn the Ship itfelf: 
Not only that; but the Powder thus taking Fire it will at the fame time 
blow up the mealed Quick-Lime, which rifing like a Cloud of Duft, 
will be infupportable to thofe who are wrapp’d up in it. Sometimes in- 
ftead of Quick-Lime you may ufe the Afhes of Oak or Elm, _ provi- 
ded they are well fearced and reduced to an impalpable Meal. 


METHOD I. 


Sometimes they prepare Veffels either of Glafs or Earth with long 
Necks, (the Hollow of which is about an Inch in Diameter,) and bear- 
ing a near Refemblance to the Matraffes, Retorts, and fuch like Veffels in 
ufe with Chymiffs: The Body or Belly of thefe is filled with Corn Pow- 
der, to which are added certain Portions of Mercury Sublimate, and 
Bole-Armoniac: Sometimes alfo it is interfperfed with Scraps of Iron. 
The long Neck is to be filled with a Slow Compofition: which being 
fired you may throw thefe Veffels where you pleafe. 


METHOD II. 


If it happens that the Veflel is pretty large, and has a wide Mouth ; 
for example, of 3 or4 Inchesin Breadth, or thereabouts; your Corn Pow- 
der hall be interfperfed with Crackers, either fingle, double, or far- 
ther multiplied as you fhall think proper: Or inftead of them, Hand 
Grenado’s without Fuzes, and only filled quite up to the Vent with 
Corn Powder. The Veffels No. 206 fhew you both the one and the o- Fig. 206, 
ther of thefe; whereof the Firft diftinguifhed by A has Hand-Gre- 


nado’s, the Second by B, has Iron Crackers, 
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METHOD Iv. 


There are thofe who fill thefe Veffels with very violent Compoftions, 
and fuch as are fo obftinately outrageous as not to be fuffocated by any 
Means. We have already given you fome Compofitions of this Nature. 
Thofe which we ordered for Fire Rain may ferve this Purpofe very well; 
but particularly fuch as we communicated for making the Grecian Fire; 
for that was inclofed in fuch Veffels as thefe, as we have elfewhere 
fhewn. However, notwithftanding the feveral violent Fires I formerly 
gave you, I fhall here prefent you with fome others which are particu- 
larly calculated for this Service, and which are in Efteem with the Py- 
rotechnicians of our Days. The Firft, according to Fioravantus: Take 
of the Varnifh ufed in gilding of Leather 10 Ib ; of Sulphur Vivum 6 tb; 
of O:/ of Rofin 2 1b; of Saltpeter Tb fs; of Olsbanum one Ib; of Cam- 
plire 6%; and of the beft Brandy 14.3: Put them all into a Veffel, and 
mix them well together over a flow Fire; and being melted, add fome 
Tow to them, and let it fteep. This being put into Pots, will produce 
a Fire that will be inextinguifhable, wherefoever ic be thrown. 

Ufanus in the third Treatife of his Artillery, Chap. XX, gives us the 
following: Take of Gun-powder, Sulphur, Saltpeter, and Sal Armoniac, 
of each Ib fs; of Camphire 2 3; meal them all finely, and pafs them 
through a Searce ; which done, add to them a Pinch of common Sa/f. 
Put all thefe into a Brafs or glazed Earthen Veffel, and pour Oi/ of 
Olives upon them, or Or! of Petrol, or of Linfeed, or of Walnuts; or 
elfe melted Lard; enough to give the Whole the Confiftence of a Pafte, 
or pretty thick Conferve. Being all incorporated well together, take 
fome of it out, and try how it burns, and fee whether it can be eafily 
fupprefled by the Injection of Water; for if you find it too weak, you 
muft add Gun-powder to it. Having brought it to the Pitch you would 
have it; fill Pots, Pitchers and fuch like Earthen Veffels with ir. 

In the fame Veflels you may add Lumps of that Liquified Stuff, 
which we mentioned in fpeaking of the Preparation of Fire-Rain, 
wrapping them up in loofe Quick Match: Or you may ufe Balls of the 
Bignefs of a large Walnut made of the following Compofition; taking 
care to fill up the Interftices between thefe Balls with a Mixture of Corn 
and Meal Powder. This Compofition is thus: Take Saltpeter and Gun- 
powder, of each 2 ib; of Sulphur tb {s; of Colophone 3 iiij; of Camphire 
41); of Sal-Armoniac 3}. Incorporate them well together, and knead 
them with Or/ of Linfeed or Olives ; and in hort, make this Compofition 
into Balls of the bignefs of a large Walnut. Thefe Balls being once in- 
flamed burn moft outragioufly ; infomuch that if they chance to fall 
upon a Ship’s Deck, they will burn through and through it in the 
twinkling of an Eye; will fet whatever they ftick to ina Blaze, and ac- 
cend and inflame thofe Subftances which are the leaft fuccipient of Fire: 

But 
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But what I take to be their moft extraordinary Property, is the Impofii- 
bility of fuffocating or ftifling them by any means ; and it is particular- 
ly in vain to endeavour at a Suppreffion of their Fire by Water ; for far 
from fuffering any Diminution of its Violence by the means of Water ; 
it gathers new Strength, and rages the more obftinately the more it is 
plied with that Liquid Adverfary. 

All thefe Veffels muft be ftopped up or covered clofe with waxed or 
pitched Cloths, as we fpecified above. To the Ears or Handles of them 
(it is perfeétly neceffary, that thefe Vefiels fhould have Handles) you 
muft tye Ends of Match, and fecure them faft, that they may not drop 
off. If ic happens that your Pots have no Handles, nor any Thing of 
that Kind, nor even a Neck of fufficient Length to tye your Match on 
by; you muft give them a Coating of our Pyrotechnic Cement, or of 
ought elfe that is of a very tenacious Nature, and ftick your Match in it 
all round. 


ADVERTISEMENT. 


That thefe Olle or Pots of Fire, and feveral other Veffels filled with Com- 
buftible Compofitions, were ufed by the Ancients, to fet Fire to Buildings, 
&c. is not to be difputed ; if we rightly confider the Teftimony of fo 
many Authors whom we quoted when we fpoke of Hand-Grenado’s and 
Fire-Rain. But it muft be allowed, that all the Fire-Veffels of the 
Ancients were but Trifles and Children’s Play-Things, when compared 
with Ours; or at moft, that they were but the Shadows of our Modern 
Fire-Pots; becaufe they wanted our Thunder-imitating Gun-powder by 
the Affiftance of which we are enabled to caufe fuch frightful Fla- 
grations; to burn and deftroy the greateft Part of our Adverfaries ; and 
particularly, if to thefe Pots you add Hand-Grenado’s or Crackers. 


CHAP. II. 


Of Fire-Crowns and Garlands, which the Germans cal! Pech, 
and Starm Krantzen. 


H E that would render himfelf Worthy of a Mural or Naval Crown, 
and who is ambitious of being honoured with one from the Hands 
of his King or Prince; I fay, whofoever is defirous of being diftinguifh- 
ed by thofe proud Marks and Badges, which are beftowed on Merit and 
Virtue, muft, the better to qualify himfelf, know how to manage our 
Pyrotechnic Crowns; he muft prove them and put them in Execution, 
if he expects to fee his Temples adorned with a Wreath of Laurel. 
Ffrfrfftf Our 
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Our Diadems and Garlands, ¥ rrroft own, will burn, and oftentimes prick 
thofé who handle them; but who knows not that Rofes are gathered 
amongft Thorns? And that all our moft perféct Happinefs, and moft 
tranquite Contentment in this World, take Birth, im the midft of the 
moft pungent Sorrows, and a thoufand affficting Difficulties, which per- 
petually oppofe us in our Purfuits of what we would enjoy. No oné 
ever yét obtained Glory, but by ftruggting, and conibating with Mif- 
fortunes and Labour: It is no fmiall Evtomiém dpon a Soldier to fay of 
him, That be is both able and willing to endiire Hardfbips. This Ackniow- 
ledgment is the natural Right of 4 true Soldier, and what he may lay 
joft Claim to, whatever elfe he may ftand in need of. Thus though the 
Man who is ctowned with our Fire-Garlands will be griévoufly laden, 
yet at the fame time he will be pompoufly adorned ; if his Actions are 
levelled at nothing but pure Glory; if he contémns Difficulties, and 
bears with Heroic Conftancy all thofe Hardthips which oppofé his Ac- 
quifition of the Prize he thirfts after. Now in this Chapter I mean to 
inform you of what Flowers ahd Ornaments our Growns and Garlands 
are compofed. | | 

Get a long Bag made either of Flaxen or Hemipen Cloth, of the 
Breadth of 4 or 6 Inches, and of the Length of 3 or 4 Poot; and fiff ic 
with one of thé Compoftions wé gave for Fire-Balls, The following 
Compofttiois are purely fot thefé Garlands, &e. 

1 


"Fake of Saltpeter 3 tb; of Sulphur one th; of Powder 2 fh: and of 

Powder of G/a/i tb fs. . 
II. 

Take of Saltpeter 4 16; of Sulphur one th; of Charcoal th fs; of 
Powder of G/a/i 3 iiij. 

Itt. 

Take of Powder 2 1b; of Saltpeter 3 tb ; of Colophone tb fs; meal 
them finely, atid mix thém well: Having filled your Bag with one of 
thefe Compofitions, bend it round into a Circle ; fo that the two Ends 
may meet, which muft be fewéd togethér: And for fear the Stitches 
fhould give way, or be burned during the Combuftion of your Garland, 
you fhall clap an Iron Hoop within it; whofe exterior Circumference is 
equal to the interior Circuit of the Bag. Upon this Hoop then muft 
your rounded Bag be fecurely faced, and faftened with Interweavings 
and Knots at proper Diftances from each other, in Imitation of what 
we ordéréd of thé farié Kind for Fire-Bailli. Being thus adjufted, you 
iiuft thruft Iron Crackers into it; which Crackers thall be well charged 
with Potider and Ball; and pointed at Bottom, that they may the more 
éafily pénetfaté the Compofition: Or you may difpofe of them, as inay 


Fig. 207, bé remarked ini Fig. 205 and 208. 


and 208, 
Fig, 209. 


The third Sétt of our Crowns you have in Fig. 209: This is only 
armed with bearded Iron Spikes ;. with intent that if it fhould chance 
to 
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to fall upon the Head of any Perfon, he may not be ableto take hold on 
it, to throw it from him; but be obliged to burn alive, and from this 
fort of Torment, which may be faid to be its nacurat Effect, it may juftly 
enough be called the Martyrizing Crown. 

Sometimes alfo thefe Crowns are adorned, or rather armed, with Hand 
Grenado’s, of the bignefs of an Iron Bullet of one or z Pounds Weight ; 
but they muft have Fuzes of the Length of 3 or 4 Fingers fcrewed mro 
their Grifices to keép them tight and firm upon: the faid Crowns or Gar- 
lends, and for the fame Purpofe alfo muft they be laced om with Tron 
Wire. Yow have the Reprefentation of this in Fig. 2 40. 

Thefe Crowns and Garlands are applied to the very fame¢ Ufes as the 
Fire-Pots and other Veffels which we defcribed to you in the foregoing 
Chapter : I fhall only add to what I have faid, That you muft take Care 
to make two or three Holes, through which-to' fire the inchided. Compo- 
Jfition ; and being lighted and inflamed-on all Sides, you may throw them 
whiere<ever you fhall think proper. 


CHAP. HE 
Of Fire-Hoops or Artificial Spheres. 


iy you Have a right Idea of the matnrier of prepuritig the Fire-Crowns 
- we juft now fpoke of; you will meet with no Difficulty in ofdering 
Artificial Spheres, which até only compofed of feverat Hoops ot Rings 
within one another, and placed Crofsewite. Prepare thew three or four 
Hoops ot Croténs (accorditig to the Directions we gave you in the fore- 
gome Chapter.) of fuch Size and Proportion to each other, that they 
fitay go into, or be received into ote atiocher, from the greaceft of them 
t6 the leaft ; (that is) That the Interiot Circumference of the Firft, be 
exattly the Extérior Citcumférence of the Second, and the Interior 
Circutiference of the Second, be exactly the Exterior Circumference 
of the Third, and foon. Being thus ordered, put them together, (v7s.) 
the two Firft, at Righr-Angles to each other ; and the two Smalffer, ar 
Right-Angles between themfelves, but at an Angle of 45 Degrees with 
refpect to the two Greater ; or if you have more than four Hoops, they 
fhall be all fo ordered as mutually to interfect each other at Acute An- 
gles in the two Points which are Diametrically oppofite. To thefe you 
may add others which may embrace them round, or be in a right Di- 
rection to the Firft; but they fhall be bdund on with Copper or Iron 
Wire ; for if you only faften them with Marline, ic will be prefently 
burnt; by which means your Work will fall to pieces, and yourfelf be 


baulked in your Expectations, 
But 
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But by the way I muft tell you, that it will be proper to have large 
Hoops for thefe Spheres ; I mean, that they muft be of feveral Foot in 
Circumference. The largeft of them (for Example) fhall be 15 Foot in 
its outward Circumference, and the reft proportioned to it, as we faid 
above. It is alfo neceflary to dip them all in Tar, and to pierce them 
with feveral Holes or Vents; that the whole Body of them may be fired 
at once, or in feveral Places, and confequently, that it may be impofh- 
ble for the Enemy to fuffocate them, or difengage themfelves from the 
frightful Diforders thefe Spheres will introduce amongft them. I have 
not given you any Figure of thefe; becaufe the Conftruction of them 
may be eafily gathered from what we have been faying, and by the Fi- 
gures of our Artificial Crowns. As for that whofe Reprefentation you 

Fig. 211-have in Fig. 211, it differs from thofe we have above-defcribed : Han- 
zelet will have it conftructed thus. 

Take a Wooden Hoop, or (what will be better) an Iron one, juft 
fuch as Coopers ufe for binding their Cask: Daub. it over. with Tar 
mixed with Gun-powder, and take a Band or Slip of Cloth, whofe 
Length muft be equal the Circumference of the Hoop, and of the 
Breadth of three Inches: Wrap this Band round the Hoop, and fill ic 
with a Compofition made of one Tb of Powder, one % of Sulphur, and 3 
Tb of Saltpeter, {prinkled over with a little Oz/ of Petrol or Linfeed, and 
interfperfed with Scraps of Sulphur. This done; few up your Cloth, 
and re-inforce it throughout with a Woulding of Marline, and pierce it 
in feveral Places with an Iron Point, filling all the Holes you pierce, 
with Quick Match. . In fhort, the whole exterior Surface of the Hoop 
fhall be garnifhed with Su/phur, which muft be wrapped round with 
Tow, excepting the Vents or Primings of Quick Match which muft be 
left free and open. This is but half your Work ; for you muft pre- 
pare another Hoop after the very fame manner (or feveral if you pleafe) 
and having fix’d them in one another, you fhall faften them together 
with Wire, to prevent them from falling afunder when thrown from 
any Eminence amongft the Enemy. Being thus prepared and adjufted, 
you mutt fire the Quick Match before-mentioned, and upon finding that 


your Compofition is thoroughly accended, you may throw this Sphere 
where you pleafe, 


CHAP. 
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CH AP. IV. 
Of ARTIFICIAL CYLINDERS. 


I Mutt here fay once more what I have very often advanced already, 
namely, That we owe our Ingenuity in Pyrotechnics to Hints taken 
from former Inventions. I know that we improve a great many Things 
in our 4rt, which we pretend were unknown to the Ancients; many 
of which I am far from thinking they were wholly ignorant of ; and it 
is not impoffible, that former Ages might have had a more diftinct 
and perfect Knowledge of fome Things which we attribute to our 
Invention, than we have ourfelves, (faving what relates to Gun-pow- 
der) but which by a long Succeffion of Time have been infenfibly 
annihilated, and were never handed down to us. Now the Men of 
our Age are of fuch a Turn, That having never fo fuperficially con- 
fidered any of the Pieces of Antiquity, they dive prefently to the Bot- 
tom of them, and unravel them at once; and thereupon their Hearts 
being diftended with Vanity, they fancy themfelves to be the very 
Inventors of Them. Whence it is, that they give them out, not on- 
ly as their own, boaft of them, and praife them up; but_alfo arro- 
gantly defpife the Worthy and Ingenious of the Times paft, who were 
in all probability at as much Trouble in the Cultivation of thofe 
Things as we have been. For my part, I acknowledge that the ear- 
lier Ages of the World were produétive of very great Men, and fuch 
as were infpired with an Inventive Spirit; but it muft be at the fame 
time allowed, that we may juftly claim fome fhare of Applaufe and Ap- 
probation in Conjunction with them; inafmuch as we have been able 
to make great Additions to their ingenious Practice ; and inafmuch as 
we know how to choofe what is profitable to us from amongft their In- 
ventions, and feparate it from what is unufeful to us, and after having 
cleaned it, and fcowered off the Ruft it had contracted by a Length of 
Years, have been at the Pains to reftore it to its Original Luftre. But 
I thall always ftand firm in the Opinion which I have fo often commu- 
nicated in this Work, notwithftanding any Arguments I can forefee to 
convince of the contrary, (namely) that the Works of the Ancients 
were Lame and Imperfect through their Want of our Gun-powder ; and 
that they conceived only the Shadows, and not the perfect and true 
Idea’s of the admirable Machines of War. 1 formerly gave you fome of 
their Engines, and after having compared them with ours, I made it 
evident to you, how much our Modern Machines furpafs them in Dig- 
nity and Contrivance. I fhall here again prefent you with feveral others: 
But before I do that, I thall make it appear by the Teftimony of an- 
Ggggg cient 
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cient Authors, that the Pyrotechnic Cylinder is a very antique Inventi- 
on; which done, I fhall fhew you what Improvements the Moderns 
have tacked to it. 

Let us firft confult Vegetzus upon this Subject, and give Ear to what 
he fays of thefe Cylinders. He fpeaks thus of them in Lid. IV. Cap. 
vili. where he teaches us to conftruct feveral Machines for the Defence 
of Walls. They made prodigious Wheels of Green Wood, or Cylinders of 
the Bodies of vaft Trees; (which they called Rollers) thefe they rounded 
very exactly that they might be the more rollable, and being trundled down 
Declivities, they ran over the Enemy and frighten’d their Horfes. Let 
us now hear what Ammianus Marcellinus has to fay of this Matter: 
The greatef part of thofe wha were concerned in the Affault, or made any 
Attempts to feale the Walls, were overwhelmed and buried under great 
Stones, vaft pieces of Columns, and by Cylinders which were rolled down 
the Deckvities and Taluds of the Walls. 

It appears then by thefe two Authors (not to quote any Thing from 
others) that the Ancients converted or applied the Cylinder to Warlike 
Ufes. But thefe could hurt none but the moft Bold and Daring of 
the Befiegers, who attempted to fcale the Walls of the Befieged; and 
only lamed them, broke their Ladders, and crufhed the Machines or 
Perfons they happened to fall upon; leaving the Soldiers and Works, 
which were but a little diftant from them, out of Danger. But our Cy- 
linders are much more Artificial, and vaftly more efficacious; for they 
not only by their Weight break and deftroy whatever they fall upon, 
but alfo kill fuch Perfons as are far diftant from them, and throw down 
and demolith their Machines tho’ pretty remote: For being hollowed, and 
then charged with Stones, Pebbles, Iron Bolts, and fuch like; together with 
a good Quantity of Gun-powder; they are capable of doing incredible 
Mifchief. But before they are put in Execution they muft be bound 
or reinforced with ftrong Iron Rings, one at each Extremity of the 
Cylinder, and one at each End of the Charge of Powder. This is the 
firft Sort of our Cylinders, which I have reprefented in Fig. 212. where 
the Letter A diftinguifhes a Wooden Stopple or Tompion for heading 
up the Orifices of it. 

You have the fecond Sort in Fig, 213. It is armed all over with bearded 
Spikes; that it may not only be capable of Deftrudtion by its Weighr, 
by its Mortal Bowels, by its Flame and Fire; (all which it has in com- 
mon with the Firft) but alfo tear and wound thofe with its Spikes, 
who are hardy enough to be Foremoft in an Attack, or in mounting a 
Breach. This alfo muft be reinforced at each End with a Subftantial 
Iron Ring. 


Fig- 214- The third Sort of Cynder, which you have in Fig. 214, is yet more 


Artificial, and-more: cruelly adapted for Execution, than either of 
the Former; for the whole Capacity of it is filled with Hand Grenado's 
and Crackers, of feveral Sorts (ordered as ufual) the Interftices of which 


are 
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are filled up with Gun-powder. Now this Cylinder is commonly com- 
pofed of two Semi-Cylinders, as may be conceived by the Profil A. 
The two Pieces of this Cynder muft be forelocked or wedged together, 
and that fo clofely, that no Air may have Admiffion into the Body of 
it, whereby it will be confequently obliged to burft wich the Greater Vi- 
olence. This Cylinder mutt have a fmall Wooden Fuze to correfpond 
with the Powder, which Fuze muft be filled with one of the Com- 
pofitions we formerly gave you for the Fuzes of all Sorts of Gre- 
nado’s. 

To conclude, I here give you a fourth Cylinder ; of which the An- 
cients had fome Knowledge, if we may believe Sa/luf; for I find that 
he writes to this Effet in his Remains. They relled down the Declivities 
vaft Pieces of Rocks and Beams meunted upon Axles, and armed with 
Spikes, or fhort Darts, like the Military Ericii, or Chevaux de Frife. 
But, good God! to what a horrid Point of deftructive Power have we 
brought this Cylinder, by means of our Gun-powder P For that fpoken 
of by Sa/luff, was no more to ours, than a Shadow is to a Subftance. 
You have the Reprefentation of this in Fig. 215, and by the Conftru- Fig. ars. 
tion of it, I fhall evince that I have not exceeded the Bounds of Treth 
in the Affertion I have here advanced, and fhall fhew you how far we 
have improved upon the antique Cylinder of this Kind: The following 
Defcription of it is taken from Hanzelef. “ Geta Cylinder hollowed 
“ or bored throughout the Middle to the Breadth of 2 or 3 Inches, like 
our Recreative Cafes. The whole exterior Surface of it (excepting 
** its Bafes or Ends) fhall be ftuck or armed with long Iron Spikes, be- 
tween which you mutt fix Grenado’s of a moderate Size: The Fuzes 
of thefe Grenado’s muft be of Iron, and not only fcrewed into the 
“ Vents of the Grenado’s, but alfo into the Cylinder, (fee Fig. A) by 
“‘ which means they will be immoveably fixed: Again; thefe Fuzes 
muft be of fuch Length, as to reach clofe home to the Compoftion 
** contained in the Body of the Cylinder. ‘The whole being thus or- 
* dered, fhall be mounted upon two common Wheels, fuch as thofe of 
* a Chariot with their Axle-Trees, which muft exadtly fit the Orifi- 
“ ces of the Cylinder, and be fecurely ftuck into them: Thefe Axles 
* fhall be alfo bored throughout to the Breadth of an Inch or there- 
abouts, which Borings mutt be filled with the ufual Compoftions for 
“ Fuzes. In fine, this furious Body (which for its admirable Conftru- 
“ ion and wonderful Effects might juftly be ftyled a Machine) fhall be 
pitched all over, and being moynted upon the Axles, and fired at 
each End, may be rolled down amongft the Enemy ; there to per- 
“© form fuch Havoc, as could not be effected by a Thoufand of the 
“ antique Sort.” To tell you now, how that is poffible, would be en- 
tirely fuperfluous and needlefs, fince any Perfon who has but the leaft 
glimmering Infight into our Art, will readily conceive it. And 
therefore not thinking it worth while, to dwell upon a Matter which 

is 
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is fo felf-evident, I thall proceed to the fhort Remainder of this Trea- 


tife. 


CHAP. V. 
Of FIR ESACK S. 


pees Artificial Sacks are applied to the fame Ufes in the Defence 

of Places, when attacked, or attempted to be ftormed or fcaladed, 
as the Cylinders above-mentioned. They are ordered thus: Take a pret- 
ty thick. Wooden Bar of feveral Feet in Length, and fquare it, or con- 
vert it into a Parallelopiped, and let the two Ends of it be cut fharp, or 
in the Form of a Pyramid. ‘Towards the Ends of it, you fhall bore 
two Holes, nearly interfecting each other at Right Angles; into which 
you muft thruft two Wooden Tree-Nails, fhod or armed at each End 

Fig. 216. with Iron, as may be feen in Fig.216, by the Letter A. Upon this Bar 
you muft tye a ftrong Canvafs Sack, which muft be pretty wide ; that 
it may contain a good Quantity of one of the Compoftions we ordered 
for Fire-Balls, laving tied it faft to the Bar by one of its Ends, fill it 
at the other with a proper Compofition, and ram it and fhake ic down 
*till it be as hard as what we directed when we fpoke of the Felling of 
Fire-Balls. In fhort, tar the whole Body of it over, and coat it with 

Fig. 217. Zow. You have this in Fig. 217. 

Fig. 218. The other Sack, which you fee in Fig. 218, differs from the foregoing, 
in that its Bulk is uniform and equal from one End to the other ; with- 
out {welling or bellying out, more in the Middle than at the Extremi- 
ties; as may be perceived by the Figure: Add to which, that ic has no 
Bar or Axle running through the Body of it, like the foregoing ; but has 
only two fmall Wooden Fuzes, fixed in each Mouth of the Sack, which 
are filled with a flow Compofition. What we have here faid of the 
foregoing, together with the Figures we have referred to, will give 
you a perfect Idea of whatever relates to this. Thefe Sacks mutt be 
armed on the Outfide with Iron Crackers. 


CHAP. 
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CHAP. VI. 
Of ARTIFICIAL TUNS and BARRELS. 


HAT Tuas and Barrels, as well as Cylinders, were ufed by the an- 
cient Greeks and Romans, and feveral other Nations that flourifhed 
with them, in the Defence of Places befieged, may be gathered from 
what we are now going to communicate. Firft then, + Dio Caffus 
{peaking of Tiberius, who had befieged a Place fituated upon a Rock in 
Denmark, {peaks to this Effe&. The t Dalmata galled them with Stones 
thrown from Slings, or rolled down by Hand; they likewife trundled down 
Wheels, and Cars full of Stones, together with Chefts and Tuns, or Barrels 
made round after the Fafbion of the Country, all full of Pebbles. Hiero 
alfo relates fomething of this Nature, They contrived to roll down Co- 
lumns, Wheels, Chariots or Cars heavily laden, Veffels full of Pebbles or 
wet Earth, like thofe compojed of Staves in which Oil, Wine, and fuch like 
Liquors are kept. Ammianus writes much to the fame Purpofe, || Hav- 
ing boldly paffed the Foflé or Ditch over Hurdles, and gained the Foot of 
the Wall; they were immediately overwhelmed with vaft Pieces of Stone, 
and Fragments of Columns, together with Tuns. Now we can gather no- 
thing from the Teftimony of thefe Authors, and they prove nothing far- 
ther; than, that by fuch like Contrivances, they crufhed the Enemy to 
Pieces, and tore down their Machines. The Art of doing this is not fo 
difficult, nor the Practice of it fo obfcure; but that we might eafily a& 
it over again, if we thought it in any wife proper or neceflary for the 
Defence of Places: But our Gun-powder has fuggefted far other Ways 
of defending ourfelves againft thofe, who would make any hurtful At- 
tempt upon our Lives and Fortunes. We now prepare great Tuns, in 
the Center of which we fix a leffer Veffel or Cask full of Powder, or 
elfe a large Bomb; which we furround with Stones, Pebbles, Iron Bolts, 
&¢. the Interftices between which we fill with Quick Lime. ‘The Veffel 
being crammed after this Manner with as much as it can hold, is headed 
up, and well bound with Iron Hoops. In fhort, having fix’d a Fuze in 
it to correfpond with the Powder, it is thrown down from the Ram- 
parts amongft the Enemy, where it does more Mifchief in an Inftant, 
than all the Machines of the Ancients could do in ten Days. 
Now the Havoc made by thefe Contrivances is fo prodigious and 
frightful, that it is impoffible for me to inculcate an Idea of it into you, 
and much lefs can I make you believe it, except you have ever hap- 


{ Dio. CaM Lib. LVI. £ Now called Sclavonians. || Amm, Lib. XX, 
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pened to be in fome fort an Eye-Witnefs of it upon Warlike Occa- 
fions. I for my part believe it is impoffible for Human Wit to in- 
vent any Thing more efficacious than thefe, to cut off the Enemy when 
refolved to carry you by Storm, to afluage the Violence of Attacks, and 
to caft a Damp upon the moft Refolute and Courageous. We have a 
difmal Example of the horrible Effects of thefe Marthering Machines in 
the Siege of St. Andrews in Scotland, which was invefted in the Year of 
our Redemption 1524; at which Time one of thefe Tums, filled with 
Powder, Stones, and Iron Bolts, being rolled down amongft the Enemy, it 
wounded 600 of them at once, of which Number 321 remained Dead 
upon the Spot. Weare informed of this by Hverom Rufel, an Itakan, 
in his Precepts of the Modern Arts of War. 

The Befiegers might on the other hand throw fuch Veffels as thefe in- 
to the Places befieged, (as alfo Cy/nders and Sacks) if they had Ma- 
chines proper for that Service, and particularly, if it was thought worth 
while to revive the Baila of Antiquity; which we thall not here en- 
large upon, having fpoken of it fufficiently already. 

Sometimes alfo thefe Artificial Barrels might be buried under Ground 
in any narrow Paffage, or at the Entrance of any Place, or before the 
Gate of a Town; artfully fixing in them a Gun-lock with a good Flint, 
and having a long Line or Thread made faft to the Trigger, to fire your 
Gun-powder or (if we may fo exprefs ourfelves) {pring your Mine, when- 
ever you think proper; but the abovementioned Line muft run under 
Ground, that ic may not appear. If this Contrivance does not pleafe 
you, you may (to be furer) put a Piece of lighted common Match into 
them, or fome of our Quick Match twifted, and ordered {o.as to burn 
till the Time you expect the Enemy to come upon that Place, in order 
to carry on their Attack: But you muft fo contrive, that the Match may 
breath the Air by a liccle Tunnel or Pipe, which muft reach quite up 
to the Surface of the Ground; for fear the Coal of the Match fhould be 
ftifled by its own Afhes, and confequently baulk your Expe@ation. But 
I need not trouble myfelf with giving you any farther Advice upon this 
Subje&t: The skilful Engsneer cannot be at a Lofs in managing this Mat- 
ter with Succefs. 

We find that Neceffity formerly fuggefted feveral Methods to the Be- 
fieged, of not only breaking down and overfetting the Machines of the 
Affailants by the Weight of Stones, and other Ponderous Bodies, which 
they threw at them; but alfo of burning, and reducing them to Afhes. 
And therefore amongft other Inventions, they filled Barrels and Tuns 
with Combuftible Things, and fent them amongft the Enemy’s Works: 
Witnefs Cefar in Lid. II. of the Crus! Wars; who {peaking of the Siege 
of Marfeilles, fays, “ That finding the Befieged very obftinate in defend- 
“ ing themfelves, a Mu/culus or Gallery was ordered to be built of 60 
«© Foot in Length, which had a floping Roof, covered with Tiles and 
« Dirt to preferve it from the Fires which might be thrown from the 

« Walls; 
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Walls; which Tiles and Dirt were covered with Hides to prevent 
them from being torn away by Water which might be plaid upon 
“ them; and the Hides were again covered with Cloths fteeped 
“ in Vinegar; in fhort, the Body of this Gallery being made of vaft 
Timber fecurely bound and clamp’d together with Iron, and the 
whole of it compleated and fortified, it was moved upon Rollers clofe 
* home to the Walls of the Befieged. The Garrifon being aftonithed 
at this unexpected Machine, tore up the largeft Stones that could be 
“ raifed with Crows, and threw them from their Walls upon the Gal- 
lery ; but it was fo fubftantially built, that it received no Damage 
from the Shocks of them, and what fell upon the Roof of it prefendly 
rolled off. He then fays, That the Befieged finding it was to no Pur- 
pofe to make any farther Efforts to deftroy the Gallery by Dint of 
Weight, they bethought themfelves of another Stratagem; which 
“ was, to fill Butts, Tuns, and fuch like Veffels with Pitch, and the 
Heart of the Pine Tree, which they threw down all in a Flame up- 
on the Gallery, but they immediately rolled off, and were eafily re- 
moved out of the way of doing Harm, by long Prongs or Pitch-forks. 
In the mean time the Soldiers that were under the Covert of the Gal- 
lery, loofened and pulled out the lowermoft Stones of the Enemy’s 
Towez ; and having taken out a good Parcel of them, and under- 
mined it, a Part of it fell down with a fudden Ruin.” 

The Thought of the Befieged, in this Cafe, pleafes me much ; but I 
can by no means approve of the Effect of their Artificial Tuns and Bar- 
rels: They would have feen far other Execution performed by thofe 
Veffels, if they (unfortunate People!) had had any Knowledge of our 
Gun-powder ; and from thence have hit upon a Preparation of their Tuns 
after our Modern Way. There is no Gallery how impenetrable foever it 
may appear, nor no Covert fo ftrong; no Hides, Planks, Blinds, nor 
Chandeleers fo thick; no armed Men, tho’ cafed in Steel to the very 
Teeth, that could bear the Shock of large Pebbles, Iron Bolts, or of 
the Shells which we ufually inclofe in thefe cruel Machines. Happy the 
Man who can avoid the Fury of them, or provide for his Safety by 
Flight, before the Powder in them catches Fire! Inftead of amufing him- 
felf with removing or thrufting our Tuns and Barrels away from the 
Works with Prongs. 
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I have given you the Reprefentations of our Artificial Barrels in Fig. Fig. 219, 
219, 220 and 221. But the laft of them (hews you two Barrels mount- 22% 221+ 


ed upon one and the fame Iron Axle: Thefe are not filled with Stones, 
but with Grenado’s, Crackers, and Corn Powder, and are well bound 
with Iron Hoops, and itruck round with Steel Spikes. ‘Fhe Reafon of 
their being armed after this Manner, is to defend them from the At- 
tempts of certain Fool-hardy Perfons; who might venture to cut them 
in pieces with Axes, before the Fire can have penetrated to the Powder 
contained in the Barrels; for the fame Reafon it is, that they are mount- 

ed 


396 


Of the Great Art of ARTILLERY. Book V. 


ed upon Iron Axles, and that the Wheels have Iron Straiks and Spoaks 
of the fame Metal. 

If thefe Artificial Barrels are not very large and heavy, they might 
ferve in Sea-Fights, and be thrown into. the Enemy’s Ships, as well as 
Fire-Pots. | _ 

You muft take great Care in fixing the Fuzes, for that is the main 
Point; and without being parsicularly cautious in ordering this Article, 
you run the Hazard of feeing your Work prove abortive. 

In the two firft of thefe Figures, the Letter A fhews you a {mall Bar- 
rel, and a Grenado or Bomb which are fixed in the Center of their re- 
fpective Barrels, The reft will be eafily conceived by the: Figures. 


CHAP VIL 
Of Pyrotechnic Flambeaus. or Torches. 


BY Torches we underftand nothing more than certain Brands of Arti- 
ficial Fire, which are thrown at Diftances to. fire the Enemy’s 
Works: But to fay the Truth, they are not much in Requeft with us, 
and in fhort, are grown quite out of Ufe. © The Ancients practifed 
them formerly with very good Succefs, as we are told by. Pitruuius. Tbe 
Divine Cefar having bis Army about the Alps, commanded the adjacent 
Towns to fubmit themfelves, and yield him free Paffage, &c. but there 
was a Caftle near, “which depending upon its natural Strength refufed Obe- 
dience to the Summons : Upon which the Emperor commanded his Troops to 
advance towards it. This Caftle was called Larignum, and before the 
Gate of it there was a Tower built of the beforementioned Wood, and 
compofed of great Beams lying athwart each other (alternately) like a Fu- 
neral Pile, which being pretty high, they might from thence repel the Af- 
Sailants with + Spears and Stones. Czfar being informed that they had no 
other Weapons of Defence but Spears, which were too heavy to be thrown 
far from the Walls; be ordered little Fafcines or Fagots to be made, and 
thrown at the faid Tower, together with Brands or Torches, in order to fet 
it on Fire. This was accordingly done, and whilft the Heaps of Fafcines 
were in a Blaze, it feemed to every Body as if the Tower was really burned 
down to the Ground. But the Fire going out, and the Tower appearing 
whole and untouched, Cafar was aftonifbed at it, and ordered bis Army to 
advance up to it, and infult it ; upon which the Befieged being ftruck with 
Dread, they furrendered; and being asked what Wood it was that had 
thus been able to withftand the Rage of Fire; they pointed at fome of the 
Trees, which are in great Plenty in thefe Parts. This Wood is called 

Larigna, from whence the Caftle itfelf is called Larignum. 

oes 
t The Latin Word is Sudes, which were properly a kind of Staves, 

Stlius 
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Sihus mentions thefe Zorches in Pugn. Canen. 


Ullum nec defit teli genus, bi Sude pugnant, 
Hi Pinu flagrante cient ; bi pondere Pili 


In Englifh: 


They deal all miffive Arms, fatal to Life; 
Thefe with the flaming Torch provoke the Strife, 
Thofe with the Javelin’s Weight, &c.———~ 


Lucan alfo in his Pharfalia. 


—— inde Sagitte 
Inde Faces, & Saxa volant. 


In Englifh : 
Thence Stones, thence Brands and Arrows fly. 


Virgil alfo faith fomewhere. 
Famqgue faces & faxa volant, furor arma miniftrat. 
In Englih: 


And Brands and Stones in ratling Vollies fly ; 
And all the Ruftic Arms that Fury can fupply. Dryden, 


Lipfius alfo in Lid. V. of his Palorceticun, tells us how the Ancients 
were ufed to prepare thefe Torches, in thefe Terms: The common Torches 
were thofe which were made of Pine, Larch, and Fir: The fmaller Sort of 
thefe they had for private Ufe in their Houfes; but with the larger Sort 
they fought, and threw them by band at the Enemy's Works to fet them on 
Fire. 

All this is Old: But our celebrated Annalift Paulus Prajecius wilt 
furnith us with an Example of a frefher Date; for {peaking of the Siege 
of Wielkoluki (a Town in Mujcovy) when it was invefted and taken by 
Stephen King of Poland, he tells us; “ That the aforefaid Town being 
* furrounded by an Exceint compofed of vaft Bodies of Timber, upon 
“© which Account, and for other Reafons, it was found to be Proof a- 
gaint all Battery; and the King perceiving there was no Likelihood 
“ of reducing the Place by any other Means than a Conflagration; he 
« had recourfe to Mines, which being fprung, blew up a Rampart, and 
“ fet fire to the neighbouring Parts, which was extinguifhed by the Di- 
“ Jigence of the Mo/covrtes befieged ; but that fame Evening they con- 
“ veyed Brands or Torches made of Sulphur, to the other Side of the 
“ Town, which lying latent for feveral Hours, it was thought they 
“ were extinguifhed by the Dampnefs of the Ground: But a high Wind 
si arifing towards Midnight, they flamed out a-frefh, and in a very lit- 
“ tle time the Conflagration became general, and the whole Place was 
** laid in Athes; and above two Thirds of the Inhabitants were deftroyed. 

Tiiii This 
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This is what I had to fay of the Ufe and Effects of Artificial Tor- 
ches and Fire-brands. 1 have nothing now to do, but to inftruct you in 
the Preparation of them by the Rules of our -4rt; in cafe the Exi- 
gence of Affairs fhould make it neceflary for you to put them in 
Practice. Take then of Sulphur 8 Parts; of Colothone 2 Parts; of 
Saltpeter 4 Parts; of Black Pitch 1 Part; ef Wax half a Part, and of 
Turpentine x Part. Having mixed thefe Ingredients well together in a 
glazed Earthen Pot, or in any Brafs Veffel, melt them over a Fire; and 
being fufed, throw into them fome Old Linnen well wafhed and dried, 
or elfe Tow; but which foever of thefe you make choice of, you fhail 
let it fteep in the above-faid Liguified Compojfition;. and taking it out 
whilft it is warm, you muft wrap it about long Sticks and bind it upon 
them with Iron or Lattin Wyre; but before you do this, you muft drive 
Nails into your Sticks, that the Stuff may have the fafter Hold upon 
them. Your Torches being thus prepared you may light them, carry 
them, and throw them, where you pleafe, ‘and need not fear that 
either Wind or Rain will extinguifh them; for on the contrary they 
will burn either upon or in Water with wonderful Rage to their utter 
Confumption, and never can be fuppreffed by any other means than by 
being buried either in Sand or Afhes. 


CHAP. VIII. 
Of FIRE-ARROWS or DARTS. 


WHat we here mean by Fire-Arrows and Darts where formerly 

called Malleo, which fome Authors confound with the Fagots 
and Torches, of which Number is Nonius Marcellus, who fays: The 
Malleoli are little Bundles of Broom, which being daubed over, or dip- 
ped in Pitch and fired, are thrown upon the Roofs of Buildings. Feftus is 
to the full as much miftaken; fays he: Not only /mall Mallets are cal- 
led Malleoli; but thofe alfo which are contrived to fet fire to Buil- 
dings, and are made after the Fafhion of the Firf. But Herodianus ex- 
plains himfelf much better when he {peaks of the Form of the Mal- 
leo; tho’ by the way he confounds them a little with the Torches, 
for he fpeaks thus of them in Lb viii. where he gives an 'Ac- 
count of the Siege of Arx. But the Machines being advanced, ‘they 
threw Torches at them, which were coated over with Pitch and Ro- 
jin, with a fearp Point at the Ends of them; and which being lighted 
and thrown, fiuck in the Machines, and eafily burn’d them. But of all the 
Authors I ever petufed, Inever met with any, that gave a more perti- 
ent and rational Defcription of them, than Ammianus, who writes 
to this Effet. -+ The Malleolus, a kind of Arrow, is formed thus: It 
is an Arrow made of Cdne, which between the Cane or Reed, and the 


} Ammian, Lib, XXIII. 
Head 
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Head, or Potnt, 1s armed with an Iron feveral times doubled, and nade 
ktke a Woman's Diftaff: The Belly of it is finely hollowed, and it is lard 
apen or pierced in feveral Places, and the hollow Trunk of it being filled 
with Combuftible Matter, and fired, and fect eafily frem a large Poo 
(for if it be violently dimiffed, tke Fire of it will be extinguifled) it will 
burn whatever it flicks in; and if Water be thrown upon it, it only ferves 
to make it burn the fiercer, nor is there any means of fuppreffing it, but by 
the Superinjection of Duft. The Parenthe/is in this Quotation, in which 
he gives us to underftand that a violent Agitation or a fwift Flight 
would put out the Fire of the Malleolus, may give us an Idea, of how 
much it ftood in need of our Saltpeter, and Gun-powder, whofe Fire 
is Proof againft all Attempts of Wind or violent Motion, and is fo 
far from being impaired by either of them, that they only ferve to ir- 
ritate it che more. Again; Vegettus {peaks of the Ma/lealus almoft to 
the fame Purpofe, namely, * Te Malleoliare lke Arrows, and becaufe 
they carry Fire with them, they burn whatever they ftick in. Aine: avery 
Ancient Author calls them fimply Fére-Arrews or Darts, as may be 
learned from J/azac Cafaubon’s Tranflation of him into Latin, where ‘he 
rendets them Sagitte ignifere ; Igniferous or Fiery Darts. 

This is what I had to fay of the Fire-Arrows or Darts of the An- 

cients: It now ftands me upon to give you fome Account of Ours, and 
to teach you the Conftruction and Preparation of them. You have 
three Sorts of them in Figures 222, 223, and 224. The Conftruétion p, 
of the firft of them is thus. Make a little Bag or Purfe of the bignefg Be ari 
of a Goofe’s or Swan’s Egg, (which may be either longifh or perfect- 
ly Round, as we formerly fpecified with Relation to Fire-Balls) and 
fill ic with a Compofition made of 4 th of purified Saltpeter ; 1 Ib of Sul- 
phur; 1 Ib of Meal Powder, ih{s of Campbire ; and tb{s of Colophone. 
Or elfe: take 2 tb of Saltpeter ; 2 tb of Powder; 1 Ib of Sulphur; tb& 
of Colophone. Or this Third Compofition which is as good as either of 
the Two former (viz.) 8 1b of Saltpeter; 6 ib of Powder and 4 tb of 
Sulpbur. Having filled your Bag, bore an Hole thro’ the Body of it, 
through which you muft run a common Arrow or Dart, in fuch Man- 
ner that all ‘the Head or Iron may project out beyond it; then right 
under it drive a Wooden Peg athwart the Subitance of the Arrow, or 
élfe ftop it with two or three Nails that it may be immoveable, and in 
no danger of flipping down to the Feathers during the Flight of the 
Arrow, or when the Head of the Arrow ftrikes againft any Refifting 
Object. | 

This done; lace it as you fee in the Figure, and after the Manner 
we formerly fpecified in fpeaking of Frre-Balls; and coat it over with 
Pitch mixed with a little Meal Powder, and fire it by two fmall Vents, 
near the Head of the Arrow, and fhoot it where-ever you pleafe with a 
ceinmon Bow or a Crofs-Bow. 
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Of the two other Darts; that which you fee in Fig. 223 has a Con- 
eave Spherical Head, which ufually inclofes a Hand-Grenado or a Fire- 
Baill. \n fhori, the Third has a certain Box or Cartouch at the End of 
it, which is to be filled with ‘one of thofe Compofitions we have given 
you in che preceding Part of this Chapter. The curious Pyroboi/? will 
find more of them in Brechtelius, Part WW. Chap. U1. In Ufanus, Trea- 
éife UL Chap. XXUI. In Hanzelet, Page 162. In Ferome Ruffel, Page 
48, and in feveral others who have amplified pretty prolixly upon this 
Head. 

The Sequel of this Chapter fhall illuftrate the Ufe of Fire-Darts ; 
which indeed are not greatly in Efteem with us, and are, by fome fhal- 
low-witted Perfons, held to be but aukward Contrivances for convey- 
ing Fire into any Place; but perhaps they are difliked, becaufe chere 
has been no Opportunity of ufing them in our Modern Sieges. How- 


_ ever this be, we are informed by Ufanus (in Treat. Ill. of his Artillery, 


Chap. XXMIL) that the Spaniards found very fuccefsful Service from 
them at the Sieges of Ypres and Offend: But were I to trace up the Hi- 
ftory of chefe Weapons a little more remotely, I might produce an in- 
finite Number of Examples to convince you that their Utility is admira- 
ble, and their Service by no means defpicable. But not to {well out 
this C4epter with the copious Evidence I could introduce ; I fhall con- 
tent myfelf with what Martin Cromer relates; who {peaking of the 
mighty Exploits of the Poles before the Town of Chozice, befieged by 
King Cafmir in the Year 1466, N. S. writes thus: Not long after our 
People (meaning the Poles) foot Fire-Arrows into the Town under the Co- 
vert of the Night, by which Means one Quarter of the Town was reduced 
to Ajbes, and all their Wheat deftroyed. You will find a thoufand Exam- 
ples of this Kind in other Authors. But if ever they can be ufed to 
any very great Purpofe, it muft certainly be in Sea-Fights, to fet Fire 
to the Enemy’s Sails and Rigging, and efpecially when they are headed 
with a fharp Iron. In truth, I believe there can be no Weapon more 
pernicious upon fuch Occafions than thefe ; for if they once ftick in the 
Sails, &e. it will be very difficult to pull them out again; fo that they 
muft burn on without Interruption ; and it would be impoffible to ex- 
tinguifh chem without clewing up the Sails; during which I leave 
you to judge, whether or no an Enemy might not eafily board, and 
overpower a Ship’s Company, which is under the confufed Appre- 
henfions of feeing their Ship either burnt, or difabled; for (pray) 
what is any Veffel (which does not go with Oars) when ftripped of her 
Sails, and in the midft of.an Engagement, but a Bird without Wings, 2 
Man without Hands or Feet, or a Body without a Soul? In fine, all 
thefe Arrows may be fhot into befieged Places without being fired; 
thereby to furprize the Inhabitants the more, when they fhall fee fuch 
fudden and unexpected Ruin falling upon them: But to do this artfully, 
you mutt ftick little pieces of lighted Sponge ({uch as we taught you ta 
prepare in Boos Il. oe XXVIII.) into the Vents of your little Bags of 
Com- 
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Compofition, or into the Vents of the cwo others; the Ufe, and*Neceflity 
of which will come to you by Experience. 


CHAP. IX. 
Of FIRE-LANCES or PIKES. 


UR Fire-Lances are not unlike a Sort of long Javelins, which were 
anciently called Phalarica, and were ufually fhot at the Enemy by 
Engines, or thrown by Hand. Hear what Vegetius fays, concerning the 
firft Way of projecting them: That if the Inhabitants dared not ftir out, 
they the more outrageoufly defended themfelves with Malleoli and Phalarice, 
which they foot flaming from the Balifta. We fhall fpeak of the fecond 
Way of difmiffing them a little lower. Let us firft fee what we can ga~ 
ther from Authors concerning the Form, Preparation and Effetts of 
them. The above-quoted Author, after having defcribed the Malleolus, 
writes to this Purpofe. + Zhe Phalarica is a hind of Spear, armed 
with a great Iron Head, between which and the Staff it is wrapp’d round 
with Rofin, Bitumen, and Tow ficeped in Oil which is called Fiery; and 
being fhot from the Balifta, flicks in any Wooden Works, and frequently 
fets Fire to the Machina Turrita, Titus Livy tells us, that the Phala- 
rica was properly a Saguntine Weapon. } The Saguntine Phalarica was 
a Projectile Favelin with a long Staff, being armed with Fire (Tow and 
Pitch) and an Iron Head of three Foot in Length; that 1 might penetrate 
through any Armour, and pierce the Body, and that if it only fluck in the 
Shield, and did not burt the Body at all, it might create Fear. Lipfius 
adds to this Paflage in Livy: This is a terrible Weapon, both in the Blow 
it gives, and to look at; however, what was it but the Lightning that pre~ 
ceded our Modern Thunder ? Si/ius alfo mentions the Saguntine Phala- 
rica from Livy. 


Armavit claufos, & portis arcuit hoftem, 

Librari multa confueta Phalarica dextra, 
Horrendum vifu robur, celfifque nivofe 

Pyrenes trabs letta jugis cut plurima Cufpis, 

Vix muris toleranda lues, fed cetera pingui, 

Unéta pice, atque atro circumlta fulpbure fumat. 
Fulminis hac ritu_fummis ¢ menibus arcis 

Incita fulcatum tremula fecat aera famma. 


In Engh/b thus : 


With a Phalarica, whirl’d by many Hands, 
The brave Befieg’d repell’d the hoftile Bands, 


¢ Veger. Lib. 1V. Cap, XVIIL $ Decad. 11, Lib. 1. 
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Back from.their Gates. It-was a mighty Oak, 

Strange to behold ; which for Defence they took 

From th’ Pyrenzan Hills. ‘This arm’d around, 

Wich bearded Spikes of Steel, would fcarce have found 
Obftruction from firm Walls. The reft befmear’d 

With Sulphur, and with unctuous Pitch, appear’d 

Like a dire Thunder-bolt, and from the Walls 

Of their ftrong Ramparts down it fwiftly falls, 

Cutting with Quivering Flames the yielding Air. Rof. 


Lycan alfo in his Pharfalia, Lit. VI. verf. 196, mentions the Phala- 
rica after a very Poetical Manner. 
The Majeftic Virgil fings as follows of this frightful Weapon, in Book 
IX. of his Aneid. 
Non jacule neque enim jaculo vitam ille dediffet, 
Sed magnum firidens contorta Phalarica ventt, 
Fulminis atta modo, quam nec duo taurea terga, 
Nec duphei fguamma lorica fidelis 8 auro, 
Suftinuit; collapfa ruunt immania membra: 
Dat tellus gemitum, & clypeum fuperintonat ingens, 
In Eagh/b thus: 
Not by the feeble Dart he fell opprefs’d, 
A Dart were loft within that roomy Breait. 
But by a Phalaric’, large, heavy, ftrong ; 
Which roar’d like Thunder as it whirl’d along. 
Not two Bull-hides th’ impetuous Force withhold ; 
Nor Coat of double Male with Scales of Gold. 


Down funk the Monfte:-Bulk and prefs’d the Ground, 
His Arms, and clatt’ring Shield on the vat Body found. Dryden. 


Servius commenting upon this Paffage in Virgi/, gives us a particular 
Account of the Conftruction and Form of this Weapon. It #s @ large 
Arrow turned in a Leath, with an Iron Head of a Cubit long, at the End 
of which is a kind of Ball laden with Lead: It is faid to have Fire added 
to it by means of Tow fleeped in Pitch; and being inflamed, deftroys the 
Enemy by the Wound it gives, or the Fire it carries along with it. This 
Spear was thrown from Towers which were called Phale, from whence it 
was termed a Phalarican Arrow or Javelin, to difinguifb it from the Mu- 
ral Arrows which were foot from Walls. 

Tacitus in many Places calls them Hafte Ardentes, or Fire-Lances or 
Pikes; which Appellation of them we retain, by the common Confent 
of all Pyrotechnicians and Pyrobolifis: For the Italians call them Dard 
de Fuoco; the French, des Lances & Pigques a Feu; the Germans, Fewer 
Picken; the Flemings, Vyer-Spiffen; and in fhort, we (the Poles) call 
them Ognifie Wloeznie or Kopiie. F 

2 J 
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If you would fee the Fafhion of our Fire-Lances, pleafe to caft your 
Eye upon Fig.229. As for the Conftruction of them, it is the fame I Fig. 229 
dite&ted for the Fire-Arrows and Darts of the firft Kind: There is on- 
ly this Difference between them, (viz.) That thefe are armed with a 
good Number of Iron Crackers prepared after the common Method ;. in 
which Refpect they far exceed the Phalarice of the Ancients: Or oni 
the contrary it isin Refpect of this, that the Phalarice exceeded our 
Lances; for we fhould find it a moft difficult Matter to fhoot them when 
prepared after our Way from our Artillery; as the Ancients were ufed 
to do from their Bakjte and Catapulta, as appears by the Teftimony 
of the Authors above-quoted. 

Buc on the other hand we have Fires that are more Artificial chan the 
Phalarica, and which we can project from our Cannon, Mortars, &c. 
With thefe Lances we commonly arm our Men in Attacks and Storms, 
and in boarding of Ships: And indeed it is a terrible Weapon, if we 
rightly confider the horrid Execution it does; for only imagine that a 
Soldier who carries one of them is armed with as many Piffols as his 
Lance has Iron Crackers in it; and confequently when he is thus armed, 
he muft do as much Mifchief as feveral Mufqueteers. Farthermore, ic 
mutt be confidered that thefe Lances may not only annoy and gall the 
Enemy with Powder and Bail, but alfo knock them down, and gore them 
with the Staff and Head: Add to all which, that if the Effort be made, 
or the Attack carried on in the Night, they will ferve to give a Light, by 
which may be difcovered any lurking Ambufcades of the Adverfe Party. 


CHAP. X. 
Of MILITARY FIRE-CASES, 


I Here give you only one Sort of the Military Fire-Cafe, which you 
have in Fig.226; and which in point of Form is exaétly like theFig. 226, 
Recreative Cafe in Fig..195. And for my part, I cannot fee why we 
fhould not ‘apply our Recreative Cafes to Military Ufes; by ftripping 
them of their innocent and diverting Nature, and in the Stead of that, 
fubftituting fomething of deftructive Effect, (viz.) Hand-Grenady’s, 
Crackers, 8c. as you may obferve in the Figure itfelf, where inttead of 
Paper Crackers, 1 have firmly fix’d others of Iron. Thefe differ from 
the Recreative Sort in another Refpeét, (viz.) That they are portable, 
as well as the Fire-Lances above-defcribed. Upon the whole, I hall 
only remind you, that all thefe Crackers are to be fix’d foes to difcharge 
them(elves dire€tly upon the Enemy. 


CONCLUSION and APOLOGY. 


Here (Candid Reader) you have the firft Effay of my Artillery com- 
pleated; which. I have performed with all the Care and Accuracy the 
Weak- 
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Weaknefs of our. Nature would permit, ‘If you and other-worthy-Per- 
fons can colle@ any thing ufeful from it ; I fhall never repent me of the 
‘Trouble and Expence I have been at, ‘nor of the great. Portion of my 
moft valuable Time which has been taken-up in the Profecution of this 
Work: But very far to the contrary ;: if I.could know, that my Labour 
meets with a kind Acceptance from you, your Approbation would ex- 
Cite me to attempt fomething of a more exalted Nature, and more wors 
thy of you: All this is but the Prelude to what I meditate, if it be the 
Will of Heaven to fecond my Defign. I indeed muft‘own, that I have 
omitted 2 great many Things in this little Work, as well in the Recreae 
tive as Serious Part of it; but it was through a Contempt of them, and 
not ignorantly that I paffed them over ; or fome of them I thought fit 
to lay afide for another Opportunity, and for other Reafons; to which I 
might add the Importunity of the Printer, who would never let me reff. 
In fum, if I have any where fallen into Error, or if I have not given all 
the requifite Graces and Embellifhments to fome particular Subjects (in 
which I know myfelf to have been often wanting) I ask your Pardon for 
it. Iam neither afraid nor afhamed of Reprehenfion, if it be given in a 
Friendly Manner: But as for rancorous Critiques (the Spawn of Envy 
and Iil-Nature) I laugh at them, inftead of railing. But whither am I 
running to? Would it not have been more prudent in me to have ree 
ftrained my Pen, and by my Silence to have preferved the good Opinion 
my Friends had conceived of me; than to give into fuch Flights, with 
Relation to an Affair in which many <frts and Sciences are concernéds a= 
midft the Multiplicity of which,. it is not impoffible but I may have 
keen bewildered, and at a Lofs; and confequently have laid myfelf too 
open to the ungenerous Attacks of the Malevolent? Yet all this gives 
me no Trouble; for I hope, my real Friends will have it in their Power 
to fupprefs the Calumny,. and repel the unmanly Efforts of the Igno- 
vant and Envious; with wnom it weic-en no Purpofe to contend , eX 
cept I put myfelf upon a Level with them, In a Word, no overween= 
ing Fondnefs of my own Productions can ever blind me fo effectually as 
to prevent me from being convinced of their Imperfections; I know and 
confefs that Iam but a Man, and confequently fubjeét to err; and to 
fay the Truth, all Human Performances are very copioufly interfperfed 
with Folly, Rafhnefs, Superftition, &c. and amongft them I am very 
well contented that mine fhould be ranked; To fpeak and conclude with 
Scaliger 3 

To the Beginning without Beginning; to the End without End; to the 
Day without Night; to the Workman without Hire ; to. the Cregs. 
tor without Expence ; to Knowledge without Difcipline ; to 
the Triumpher without War; to Perpetuity without 
Moments ; be afcribed all ‘Praife, Might, My. 
jefy, and Dominion, both now and for 

evermore, 


FIN I 6 


